
 

Identification of Metrics to Monitor Salt Marsh 
Integrity on National Wildlife Refuges In 

Relation to Conservation and Management 
Objectives  

 
 
 

 

 

 

Final Report – January 2013 
 

 

 

 
 

                                     



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ON THE COVER 

Sampling salinity (left) and nekton (right) at Wertheim National Wildlife Refuge, Long Island 

National Wildlife Refuge Complex. Photos courtesy of Hilary Neckles. 



  

 

 

Identification of Metrics to Monitor Salt Marsh Integrity 
on National Wildlife Refuges In Relation to Conservation 
and Management Objectives  
 

 

 

 

 

 

Hilary A. Neckles  

USGS Patuxent Wildlife Research Center, Augusta, ME, hneckles@usgs.gov 

 

Glenn R. Guntenspergen 

USGS Patuxent Wildlife Research Center, Duluth, MN, glenn_guntenspergen@usgs.gov 

 

W. Gregory Shriver 

University of Delaware, Newark, DE, gshriver@udel.edu 

 

Nicholas P. Danz 

University of Wisconsin, Superior, WI, ndanz@uwsuper.edu 

 

Whitney A. Wiest  

University of Delaware, Newark, DE, whitney.wiest@gmail.com 

 

Jessica L. Nagel 

USGS Patuxent Wildlife Research Center, Laurel, MD, jess.nagel@yahoo.com 

 

Jennifer H. Olker 

University of Minnesota, Duluth, MN, jolker@d.umn.edu 

 

 

 

 

 

 

 

January 2013 

USGS Patuxent Wildlife Research Center, Laurel, MD. 

 

Submitted to:  

U.S. Fish and Wildlife Service, Northeast Region, Hadley, MA.

mailto:hneckles@usgs.gov
mailto:glenn_guntenspergen@usgs.gov
mailto:gshriver@udel.edu
mailto:ndanz@uwsuper.edu
mailto:whitney.wiest@gmail.com
mailto:jess.nagel@yahoo.com
mailto:jolker@d.umn.edu


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Please cite this report as: 

 

Neckles, H. A., G. R. Guntenspergen, W. G. Shriver, N. P. Danz, W. A. Wiest, J. L. Nagel, and 

J. H. Olker. 2013. Identification of Metrics to Monitor Salt Marsh Integrity on National Wildlife 

Refuges In Relation to Conservation and Management Objectives.  Final Report to U.S. Fish and 

Wildlife Service, Northeast Region.  USGS Patuxent Wildlife Research Center, Laurel, MD. 226 

pp.



i 

 

 

Table of Contents 
 
Executive Summary ..................................................................................................................... iii 

Acknowledgements ...................................................................................................................... vi 

List of Tables ............................................................................................................................... vii 

List of Figures ............................................................................................................................... ix 

List of Abbreviations .................................................................................................................... x 

Introduction ................................................................................................................................... 1 

Application of SDM ...................................................................................................................... 2 
SDM Framework ........................................................................................................................ 2 
Salt Marsh Decision Problem ..................................................................................................... 3 
Decision Structure ....................................................................................................................... 3 

Objectives and attributes ......................................................................................................... 3 
Alternative actions .................................................................................................................. 4 
Predictive models .................................................................................................................... 4 

Decision analysis .................................................................................................................... 8 

Field Testing ................................................................................................................................ 14 
Study Design ............................................................................................................................. 14 

Sampling Designs and Methods................................................................................................ 18 
Landscape attributes.............................................................................................................. 18 
Vegetation ............................................................................................................................. 18 

Rapid methods .................................................................................................................. 18 
Intensive methods ............................................................................................................. 20 

Water level and elevation...................................................................................................... 20 

Rapid methods .................................................................................................................. 20 

Intensive methods ............................................................................................................. 21 
Salinity .................................................................................................................................. 21 

Rapid methods .................................................................................................................. 21 
Intensive methods ............................................................................................................. 21 

Nekton ................................................................................................................................... 21 

Breeding Birds ...................................................................................................................... 22 
Rapid methods .................................................................................................................. 22 

Intensive methods ............................................................................................................. 23 

Results .......................................................................................................................................... 24 
Analysis of Monitoring Metrics Within Attributes ................................................................... 24 

General process ..................................................................................................................... 24 

Landscape attributes.............................................................................................................. 24 
Description of metrics ....................................................................................................... 24 

Metric analysis .................................................................................................................. 25 
Water level and elevation...................................................................................................... 25 

Description of metrics ....................................................................................................... 25 
Metric analysis .................................................................................................................. 27 

Salinity .................................................................................................................................. 29 
Vegetation ............................................................................................................................. 30 



ii 

 

 

Description of metrics ....................................................................................................... 30 

Metric analysis .................................................................................................................. 30 
Nekton ................................................................................................................................... 39 

Description of metrics ....................................................................................................... 39 

Metric analysis .................................................................................................................. 39 
Breeding birds ....................................................................................................................... 41 

Description of metrics ....................................................................................................... 41 
Metric analysis .................................................................................................................. 44 

Final list of metrics recommended for monitoring NWRS salt marsh integrity ................... 46 

Multivariate Analyses of Final Metrics Across Attributes ....................................................... 51 
Bird versus Habitat Relationships ............................................................................................. 56 

Next Steps .................................................................................................................................... 60 

Literature Cited .......................................................................................................................... 62 

Appendix 1. Marsh Study Units Used in Metric Testing ........................................................ 66 

Appendix 2. Vegetation Monitoring in Salt Marshes Using Rapid Assessment Methods.. 114 

Appendix 3. Vegetation Monitoring in Salt Marshes Using Intensive Methods ................. 122 

Appendix 4. Installation, Surveying, and Set Up of Continuous Water-Level Recorder .. 130 

Appendix 5. Groundwater Level and Soil Salinity Monitoring ............................................ 135 

Appendix 6. Nekton Monitoring in Salt Marshes .................................................................. 142 

Appendix 7. Summary of the Standardized North American Marsh Bird Monitoring 

Protocol ...................................................................................................................................... 168 

Appendix 8. Development of Avian Metrics to Monitor Salt Marsh Integrity ................... 173 

Appendix 9. Salt Marsh Integrity Metrics - Individual Refuge Summaries ....................... 204 

Appendix 10. Vegetation and Nekton Species Lists ............................................................... 221 
 

  



iii 

 

 

Executive Summary  
 

Most salt marshes in the US have been degraded by human activities, and threats from 

physical alterations, surrounding land-use, species invasions, and global climate change persist. 

Salt marshes are unique and highly productive ecosystems with high intrinsic value to wildlife, 

and many National Wildlife Refuges (NWRs) have been established in coastal areas to protect 

large tracts of salt marsh and wetland-dependent species. Various management practices are 

employed routinely on coastal NWRs to restore and enhance marsh integrity and ensure 

ecosystem sustainability. Prioritizing NWR salt marshes for application of management actions 

and choosing among multiple management options requires scientifically-based methods for 

assessing marsh condition.  

Monitoring is integral to structured decision-making (SDM), a formal process for 

decomposing a decision into its essential elements. Within a natural resource context, SDM 

involves identifying management objectives, alternative management actions, and expected 

management outcomes. The core of SDM is a set of criteria for measuring system performance 

and evaluating management responses. Therefore, use of SDM to frame natural resource 

decisions leads to logical selection of monitoring attributes that are linked explicitly to 

management needs.  

We used SDM to guide selection of variables for monitoring the ecological integrity of 

salt marshes within the National Wildlife Refuge System (NWRS). Our objectives were to 

identify indicators of salt marsh integrity that are effective across large geographic regions, 

responsive to a wide range of threats, and feasible to implement within funding and staffing 

constraints of the NWRS. In April, 2008, we engaged interdisciplinary experts in a week-long 

rapid prototyping SDM workshop to define the essential elements of salt marsh management 

decisions on refuges throughout the northeastern, southwestern, and northwestern US, 

corresponding to respective Regions 5, 2, and 1 of the US Fish and Wildlife Service (FWS). 

Through this process we identified measurable attributes for monitoring salt marsh ecosystems 

that are integrated into conservation practice and target management objectives.   

The following salt marsh attributes were identified through the SDM process either for 

describing state condition to determine management needs or for evaluating the achievement of 

management objectives: historical condition and geomorphic setting; ditch density; surrounding 

land use; ratio of open water area to vegetation area; rate of pesticide application; environmental 

contaminant concentration; change in marsh surface elevation relative to sea level rise; tidal 

range and groundwater level; surface topography; salinity; and species composition and 

abundance of vegetation, invasive species, invertebrates, nekton, and breeding and wintering 

birds.  

The identified attributes were too broadly defined to serve as operational monitoring 

variables. Therefore, we tested specific metrics for quantifying most of these attributes in 

summers of 2008 and 2009. The first four attributes in the above list can be characterized by 

office-based analysis of existing GIS data layers. The remaining attributes require field-based 

methods for assessment. We were forced to exclude a small number of attributes from field tests 

due to inconsistent data (pesticide application rate, environmental contaminant concentrations) or 

requirements that exceeded the scope of this project (change in marsh surface elevation; surface 

topography; benthic invertebrates; wintering birds). We evaluated potential metrics for 

evaluating all remaining field attributes. 
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In partnership with NWRS biologists, we tested rapid versus intensive metrics for 

monitoring field attributes (tidal range and groundwater level; marsh surface elevation; salinity; 

and species composition and abundance of vegetation, invasive species, nekton, and breeding 

birds) at coastal refuges throughout FWS Region 5. Seven refuges participated in metric testing 

in 2008: Rachel Carson (ME), Parker River (MA), Wertheim (NY), E. B. Forsythe (NJ), Bombay 

Hook (DE), Prime Hook (DE), and Eastern Shore of Virginia Complex (VA). These seven and 

two additional refuges participated in metric testing in 2009: Rhode Island Complex (RI) and 

Stewart B. McKinney (CT). We based all field metrics on existing protocols for salt marsh 

assessment. Sampling locations were determined randomly within delineated marsh study units 

(MSUs) at each refuge. Detailed field methods are provided in appendices to this report. 

Measurements for individual metrics were averaged across samples within MSUs during 

each year of sampling. Each year, correlation or regression analysis was conducted on average 

measurements across MSUs within each attribute set to identify redundant metrics. Statistical 

redundancy between a pair of metrics within an attribute set (i.e., correlation or regression slopes 

with p-values < 0.05) was considered justification for eliminating one of the pair from the 

regional set of monitoring metrics. Decisions regarding metric elimination versus retention were 

based on feasibility of monitoring, considering such factors as sampling time, resources required, 

and potential for regional standardization in implementation.   

The result of these tests is a reduced suite of monitoring metrics that targets NWRS 

management decisions and is practicable for implementing on a regional scale. Based on these 

tests, we recommend the following list of metrics for monitoring integrity of NWRS salt marshes 

(marsh attribute category is in parentheses): (historical condition and geomorphic setting) 

position of marsh in the landscape, marsh shape, degree of fill and/or fragmentation, degree of 

tidal flushing, amount of aquatic edge; (ditch density) ranking of ditch density from none to 

severe; (surrounding land use) relative proportion of agricultural land in a 150-m buffer around 

the marsh, relative proportion of natural land in a 150-m buffer around the marsh, relative 

proportion of natural land in a 1-km buffer around the marsh; (ratio of open water area to 

vegetation area) ratio of open water to emergent herbaceous wetlands within the marsh; (marsh 

surface elevation) elevation referenced to NAVD88 in a representative area of the marsh; (tidal 

range and groundwater level) percent of time the marsh surface is flooded during deployment of 

a continuous water-level monitor at a representative marsh location, mean depth of surface 

flooding as measured by a continuous water-level monitor at a representative location; (salinity) 

salinity measured in surface water; (vegetation community) vegetation species richness using the 

point-intercept method in 100-m diameter survey plots, percent cover of various marsh 

community types within 100-m diameter survey plots; (invasive species abundance) percent 

cover of invasive plant species measured using the point-intercept method in 100-m diameter 

survey plots; (nekton community) nekton density, nekton species richness, length of Fundulus 

heteroclitus; (breeding bird community) abundance of Willets counted per point during standard 

call-broadcast surveys, summed abundance of tidal marsh obligate species (Clapper Rail, Willet, 

Saltmarsh Sparrow, Seaside Sparrow) counted per point during standard call-broadcast surveys. 

Metrics describing the historical condition, geomorphic setting, and broad landscape features can 

be assessed using existing GIS databases. Our results support use of rapid methods to assess the 

majority of field metrics; only those used to describe the nekton community must be measured 

using intensive methods (throw traps or ditch nets, dependant on habitat configuration). 

Implementation of these metrics for quantitative assessment of NWRS salt marsh 

integrity in FWS Region 5 requires developing sampling designs for each refuge. Additionally, it 
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is important to determine how the monitoring information will be used within a management 

context.  SDM should be used to complete the analysis of salt marsh management decisions. The 

next steps would involve 1) prioritizing and weighting the management objectives; 2) predicting 

responses to individual management actions in terms of objectives and metrics; 3) using multi-

attribute utility theory to convert all measurable attributes to a common utility scale; 4) 

determining the total management benefit of each action by summing utilities across objectives; 

and 5) maximizing the total management benefits within cost constraints for each refuge. This 

process would allow the optimum management decisions for NWRS salt marshes to be selected 

and implemented based directly on monitoring data and current understanding of marsh 

responses to management actions. Monitoring the outcome of management actions would then 

allow new monitoring data to be incorporated into subsequent decisions.   
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Introduction  

 

 Salt marshes are unique and productive ecosystems with high intrinsic value as wildlife 

habitat, fishery nursery areas, and sources of food for nearshore finfish and shellfish populations. 

Salt marshes also filter sediments, nutrients, and other pollutants from upland drainage, and 

buffer shorelines from flood and storm damage. Wildlife species that depend on salt marshes are 

some of the highest conservation priorities in the US. Consequently, many National Wildlife 

Refuges have been established in coastal areas to protect large tracts of salt marsh and wetland-

dependent species. The US Fish and Wildlife Service (FWS) National Wildlife Refuge System 

(NWRS) includes 161 coastal refuges, and refuges in the conterminous US protect 

approximately 1,045,925 acres of coastal wetlands. 

 Public law directs the Secretary of the Interior to ensure the biological integrity, diversity, 

and environmental health of the NWRS for the benefit of present and future generations of 

Americans (P.L. 105-57). However, there are few salt marshes within the NWRS that remain in 

pristine condition. Most salt marshes in the US have experienced some form of anthropogenic 

alteration, such as obstructions to tidal flooding, channelization or drainage, chemical or 

mechanical mosquito control, salt hay farming, introduction of invasive species, and oil spills 

and other contaminant inputs (Kennish 2001, Bertness et al. 2002). In addition, coastal 

ecosystems are threatened by accelerated rates of sea-level rise caused by global climate change 

(Titus & Richman 2001). These alterations impact ecosystem condition and the quality of habitat 

for the wildlife these systems support. Therefore, a variety of management practices are applied 

routinely to NWRS salt marshes in efforts to restore and enhance ecological integrity and ensure 

marsh sustainability. Common management approaches include removal of tidal restrictions, 

invasive species eradications, prescribed fire, enhancing fish passage, erosion abatement, and 

contaminant remediation. 

 Prioritizing NWRS salt marshes for application of management actions and selecting 

among multiple management and restoration options require scientifically-based methods for 

evaluating marsh condition within a management context. Existing approaches to salt marsh 

monitoring and assessment vary with program goals, geographic extent, and financial resources 

available. Many methods have been developed to meet local requirements for evaluating the 

success of salt marsh restoration and mitigation projects (e.g., Havens et al. 1995, Simenstad & 

Thom 1996, Short et al. 2000).  Recognition of the need for broad approaches to wetland 

conservation, restoration, and management (cf. Zedler 1996, Bedford 1999) has led to 

development of salt marsh assessment tools intended for regional application. The goals of 

existing regional methods include evaluating outcomes of restoration (Neckles et al. 2002) as 

well as overall assessments of ecological integrity (Wigand et al. 2010, 2011). Regardless of 

specific program objectives, many of these methods share fundamental characteristics. 

Monitoring variables in most consistent use across methods relate to wetland landscape features, 

geomorphic setting, and the vegetation community.  However, few methods incorporate higher 

trophic-level responses (e.g., by birds or mammals) to salt marsh habitat quality (but see 

McKinney et al. 2009a, b) and we know of none that are linked explicitly to comparing multiple 

management alternatives on a regional scale. 

 To be most useful, ecosystem monitoring should be guided by hypothesis-driven models 

of system responses to management actions, with monitoring targeting the specific information 

needed to make conservation decisions (Nichols & Williams 2006). Focusing on management 

needs is generally the most efficient and cost-effective monitoring strategy for improving 
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management outcomes (Wintle et al. 2010). Clearly, to ensure implementation, monitoring 

designs must also be feasible operationally in terms of methods of data collection, sampling 

logistics, and monetary costs (Dale & Beyeler 2001, Kurtz et al. 2001). 

Monitoring is integral to structured decision-making (SDM), a formal process for 

decomposing a decision into its essential elements (Nichols & Williams 2006). Within a natural 

resource management context, SDM involves identifying well-defined management objectives, 

alternative actions for achieving these objectives, and the expected outcomes of each potential 

management action (Gregory & Keeney 2002). Monitoring is used to assess system status for 

determining the optimal management actions, to evaluate progress toward achieving manage-

ment objectives, and to provide evidence that supports or refutes competing hypotheses about 

system function (Nichols & Williams 2006). Central to each monitoring role are attributes or 

criteria for measuring system performance (Keeney & Gregory 2005). Therefore, use of SDM to 

frame natural resource decisions leads to logical selection of what to monitor (Lyons et al. 2008). 

We used SDM to guide selection of variables for monitoring the ecological integrity of 

salt marshes in a way that is integrated into NWRS conservation practices. Our goal was to 

identify metrics that are useful for distinguishing the degree to which multiple management 

objectives are met on NWR salt marshes. These metrics must be effective across large 

geographic regions, responsive to the range of forces that threaten ecosystem structure and 

function, and feasible to implement within funding and staffing constraints of the NWRS. Unlike 

other approaches to salt-marsh monitoring that result in detailed assessments of individual marsh 

attributes (e.g., Havens et al. 1995, Neckles et al. 2002) or integrative indices of general marsh 

condition (e.g., CWMW 2012, Wigand et al. 2011), the purpose of our study was to develop an 

integrative assessment tool that is related directly and transparently to specific NWR 

management decisions.     

We engaged interdisciplinary experts on salt marsh science and management in a “rapid 

prototyping” workshop (Knutson 2007, Moore et al. 2010) to define the essential elements of salt 

marsh management decisions on refuges throughout the northeastern, southwestern, and north-

western US (respective FWS Regions 5, 2, & 1). Through this process we identified attributes for 

monitoring salt marsh ecosystems that are linked explicitly to NWRS policy and focused directly 

on management needs. In partnership with FWS biologists, we then tested different methods for 

measuring these attributes on nine coastal refuges in the northeastern US (FWS Region 5). We 

based all field tests on existing protocols for salt marsh assessment. The result is a suite of 

monitoring metrics that targets NWRS management decisions, is practical for implementing on a 

regional scale, and can form the basis of an integrative, multi-attribute decision tool. 

Application of  SDM  

 SDM Framework 

 

 SDM is an organized approach to analyzing complex decisions. The general process 

involves a series of deliberate steps (Knutson 2007, Lyons et al. 2008): 1) clarify the decision 

problem; 2) define objectives and evaluation criteria; 3) identify alternative management actions 

for achieving objectives; 4) develop models to predict the likely outcomes of each potential 

action; 5) evaluate the tradeoffs among management alternatives to select those that maximize 

benefits in terms of objectives; and 6) evaluate the outcomes of management actions through 

monitoring. We initiated this project with a week-long workshop in which representatives of 
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various stakeholder groups applied the SDM steps to salt marsh management decisions. The 

workshop was held April 7-11, 2008 at Patuxent Wildlife Research Center. Participants included 

SDM experts, research scientists representing multi-disciplinary expertise in salt marsh 

ecosystems, and FWS regional refuge managers and biologists (Table 1). Dr. James Lyons of the 

FWS Division of Migratory Bird Management guided participants in the SDM process.  

 

Table 1. Participants in SDM workshop to link salt marsh monitoring to management 

decisions, April 7-11, 2008, at Patuxent Wildlife Research Center, Laurel, MD. 

Participant Affiliation 

Susan C. Adamowicz USFWS, Rachel Carson NWR, Wells, ME 

Sarah J. Converse USGS Patuxent Wildlife Research Center, Laurel, MD 

Glenn R. Guntenspergen USGS Patuxent Wildlife Research Center, Duluth, MN 

Annabella Larsen USFWS, Prime Hook NWR, Milton, DE 

Harold P. Laskowski USFWS, Regional Refuges, Newark, DE 

Roy Lowe USFWS, Oregon Coast NWR Complex, Newport, OR 

James E. Lyons USFWS, Division of Migratory Bird Management, Laurel, MD 

Hilary A. Neckles USGS Patuxent Wildlife Research Center, Augusta, ME 

Michael C. Runge USGS Patuxent Wildlife Research Center, Laurel, MD 

W. Gregory Shriver University of Delaware, Newark, DE, 

Janith D. Taylor USFWS, Regional Refuges, Newington, NH 

Ronald M. Thom Pacific Northwest National Laboratory, Sequim, WA 

Patrick Walther USFWS, McFaddin & Texas Point NWR, Sabine Pass, TX 

Guthrie Zimmerman USFWS, Division of Migratory Bird Management, Laurel, MD 

 Salt Marsh Decision Problem 

 

Decisions about restoration and other management of salt marshes within the NWRS are 

specific to individual refuges and are made at multiple time scales. Decisions regarding 

management actions that will be implemented during a given year are made annually and are 

included in Annual Habitat Work Plans; decisions regarding which salt marsh units to restore are 

made on 3- to 5-year time frames; and long-range decisions to mitigate effects of climate change 

(e.g., by adjacent land acquisition) or implement complicated management actions involving 

multiple agencies and stakeholders (e.g., removing large barriers to fish migration) may be made 

every 5 to 15 years through the Comprehensive Conservation Plan (CCP) process. This project 

involved analysis of decisions regarding prioritization of salt marsh units for management 

actions and selection among management options to enhance ecosystem integrity and ensure 

marsh sustainability. Our analysis focused on decisions made for a given refuge at 3- to 5-year 

time scales, but the information supporting these decisions is also relevant at larger (e.g., 

regional) spatial scales and both shorter (annual work planning) and longer (updates to the CCP) 

time scales. The ecological and geographic focus of this exercise was historically brackish and 

saline marshes dominated by halophytic vegetation in FWS Region 5 (Northeast), Region 2 

(Southwest), and Region 1 (Pacific Northwest). 

 Decision Structure 

 Objectives and attributes  

Within the decision analysis framework, “fundamental objectives” are defined as the 

broadest objectives influenced by decision alternatives; they are the overall goals of a decision 
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problem (Gregory & Keeney 2002). “Means objectives” are the means by which these goals are 

achieved, and evaluation criteria are measurable attributes used to characterize the effect of 

alternative actions with respect to these objectives. Fundamental management objectives for salt 

marshes on refuges derive directly from FWS NWRS policy requiring that the biological 

integrity, diversity, and environmental health of each refuge be maintained and, where 

appropriate, restored. Maintaining and restoring these critical components of ecosystem integrity 

ensures the sustainability of salt marshes throughout the NWRS. We decomposed these 

fundamental objectives into means objectives that relate to salt marsh structure and function, and 

in turn identified measurable marsh attributes related to these means objectives (Table 2). In this 

way, a monitoring plan designed to measure these attributes will yield information that relates 

directly to FWS policy directives. 

Various indicator-based approaches for evaluating the integrity and sustainability of salt 

marsh ecosystems have been developed in recent years. Although assessment methods vary with 

program goals, geographic extent of application, and financial resources available, they typically 

include indicators relating to wetland landscape features, geomorphic setting, and biotic 

communities. We compared the measurable attributes we derived for evaluating FWS salt marsh 

management objectives with indicators in some other salt marsh assessment protocols intended 

for regional application (Table 2). We interpreted the similarity between our list of attributes and 

those indicators used in other protocols as evidence that the attributes identified during this 

rapid-prototype process formed a reasonably comprehensive list.  

 Alternative actions  

There are many potential management actions available to achieve the means objectives 

for enhancing or restoring salt marsh ecosystem integrity. Techniques range from large-scale 

engineering projects to small-scale activities such as vegetative plantings, and may involve 

mechanical, biological, physical, or chemical intervention. Workshop participants grouped 

particular management actions into 13 different strategies designed to restore physical and 

geochemical marsh features (restore natural tidal hydrology, create marsh, abate erosion, remove 

fill, divert freshwater, manipulate hydrologic connections in the marsh for mosquito control, and 

remediate contaminant problems), control invasive species (control invasive plant and animal 

species), manage certain biota (manage vegetation, enhance fish passage, and control 

mosquitoes), and protect current and future salt marsh areas within the landscape (buffer and 

marsh protection). Specific management actions included in these general strategies are listed in 

Table 3.    

 Predictive models  

We constructed Influence Diagrams to depict the relationships between management 

actions and means objectives for salt marsh management. Because the specific management 

strategy or strategies that might be implemented will depend on the condition of the marsh, it 

was necessary to also identify state variables that provide information on marsh condition and 

could serve as triggers for management. We identified state variables by developing a list of 

stereotypical “impaired marsh types” that occur on refuges throughout the regions of interest and 

then selecting attributes useful to characterize condition of each type. This exercise resulted in a 

set of 10 unique state variables (Table 4). Measurement of state variables in any salt marsh 

should be preceded by a large-scale assessment of initial condition based on historical 

knowledge of the site and available mapping data. Management decisions will depend on the 

condition of the marsh as revealed by this initial assessment and monitoring of the state variables 
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(Table 5). Finally, we selected the most important means objectives within the fundamental 

objectives of maintaining and restoring biological integrity, diversity, and environmental health 

and identified a minimum and sufficient set of measurable attributes to characterize the outcomes 

of actions taken to achieve these objectives (Table 6).  

 

Table 2. Fundamental objectives, means objectives, and measureable attributes for salt 

marsh management. References (Ref) in last column refer to existing protocols that 

incorporate the same attribute as is identified for the Means Objective in this exercise. 

Fundamental 

Objectives 

Means Objective Measurable Attribute Ref* 

E
n

v
ir

o
n

m
en

ta
l 

H
ea

lt
h

 

Restore natural tidal regime or hydrology Tidal range, duration, frequency, & salinity 

Sinuosity 

Channel morphology  

Pore-water salinity 

Heterogeneity of surrounding land use 

Percent impervious surface 

5 

 

5 

2, 5 

1, 4 

Allow transgression  Elevation combined with surrounding land-use 1 

Maintain or restore marsh area Patch size 

Vegetation / water ratio 

1, 4 

1, 4 

Restore natural sedimentation  Sediment accretion rates 5 

Restore and maintain nutrient delivery / 

cycling / and export 

Porewater chemistry (concentrations of constituents) 

Aboveground plant biomass  

Plant decomposition rates 

5 

5 

 

Restore vertical accretion Positive change in marsh surface elevation 5 

Maintain natural topography Channel morphology 

Marsh surface elevation 

1, 5 

5 

Minimize contaminant levels  Contaminant levels, including mercury  

Improve water quality Dissolved oxygen, nitrate, phosphate, fecal coliform  

Maintain natural levels of freshwater 

inflows 

Freshwater flows 1 

M
ai

n
ta

in
 B

io
lo

g
ic

al
 D

iv
er

si
ty

 

Maintain sustainable populations of 

obligate salt marsh breeding birds  

e.g., territory density and/or occupancy of Saltmarsh and 

Seaside Sparrows, Clapper Rails & Willets 

1, 5 

Maintain sustainable populations of 

wetland dependent migratory and 

wintering birds 

Black Duck (Mottled Duck) population size 

Presence of key bird species 

Population size of flocking birds 

5 

5 

5 

Provide passage and rearing habitat for 

diadromous fish 

Fish prey abundances or resources 

Overhanging cover 

Water quality 

Length of stream channel without barriers 

Channel sinuosity 

Presence of key species 

5 

 

 

 

 

1, 3, 5 

Maintain populations of natural fish 

communities 

Density, size & distribution of surface water habitat 

Presence of key species 

Fish community composition 

 

1, 3, 5 

3, 5 

Maintain natural vegetation communities Plant species composition and percent cover 1, 2, 5 

Minimize presence of invasive species Percent cover / presence of invasive species  1, 5 

B
io

lo
g

ic
al

 

In
te

g
ri

ty
 

Optimize primary production of native 

species 

Peak standing crop biomass 5 

Maintain trophic structure comparable to 

historic conditions, including invertebrate 

communities 

Relative population abundances of different trophic 

levels 

Invertebrate abundance, by taxon 

3, 5 

 

3, 5 

*
1
Carullo et al. 2007; 

2
Roman et al. 2001; 

3
James-Pirri et al. 2012; 

4
McKinney et al. 2009a; 

5
Neckles et al. 2002 
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Table 3. Management actions (rows) included within major management strategies (columns) implemented in salt marshes on 

National Wildlife Refuges (table continued on next page). 

Specific 

Management 

Actions 

Major Management Strategies 

Restore 

tidal 

hydro-

logy 

Marsh 

manipu-

lation for 

mosquito 

control  

Chemical  

mosquito 

control 

Control 

of 

invasive 

plant 

species  

Control 

of 

invasive 

animal 

species 

Marsh 

creation 

Enhance 

fish 

passage 

Buffer & 

marsh 

pro-

tection 

Erosion 

abatement 

Vege-

tation 

manage-

ment 

Fresh-

water 

diversion 

Remove 

fill 

Contam-

inant 

reme-

diation 

Increase culvert size X   X   X       

Remove culvert X   X          

Plug ditches X X  X          

Fill ditches X   X          

Remove fill X   X        X  

Breach dikes / levees X   X  X        

Channel creation X X  X  X        

Freshwater diversion X   X       X   

Tidal restrictions (rock 

weirs, reduce tidal prism) 
X           

  

Remove dams X   X   X       

Install water control 

structures 
X   X   X     

  

Burn    X X     X    

Mow    X      X    

Physically remove 

invasives 
   X        

  

Spray pesticides   X           

Spray herbicides    X          

Thin layer deposition      X        

Restrict public access        X      

Harvesting wildlife     X         
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Specific 

Management 

Actions 

Major Management Strategies 

Restore 

tidal 

hydro-

logy 

Marsh 

manipu-

lation for 

mosquito 

control  

Chemical  

mosquito 

control 

Control 

of 

invasive 

plant 

species  

Control 

of 

invasive 

animal 

species 

Marsh 

creation 

Enhance 

fish 

passage 

Buffer & 

marsh 

pro-

tection 

Erosion 

abatement 

Vege-

tation 

manage-

ment 

Fresh-

water 

diversion 

Remove 

fill 

Contam-

inant 

reme-

diation 

Dredge disposal (marsh 

nourishment and marsh 

creation) 

     X      

  

No management              

Grazing          X    

Planting native plants      X   X     

Shoreline armoring         X     

Install fish ladders       X       

Land acquisition         X      

Terracing      X   X     

Build breakwaters         X     

Contaminant remediation             X 
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Table 4. State variables useful for characterizing condition of generalized impaired marsh 

types typically found on refuges. 

Marsh Type State Variable 

Altered tidal regime Tidal range 

Salinity 

Ditched Ditch density 

Invasive dominated Species composition 

Surrounding land-use 

Mosquito managed Ditch density 

Pesticide application 

Altered topography (within marsh; may be result 

of direct impact such as fill deposition, indirect 

such as sea-level rise) 

Surface topography 

Ratio area of open water : area of vegetation 

Surface elevation relative to sea-level rise 

Perimeter challenged Surrounding land use 

Contaminated Environmental contaminants 

Surrounding land use 

Unaltered marsh Provides reference conditions of all variables 

 

The relationships among the steps in the decision process are depicted in a series of 

Influence Diagrams. The overall relationships among state variables, management actions, and 

management objectives are shown in Figure 1. Operationally, an assessment based on state 

variables would lead a refuge manager and refuge biologist to select certain management actions 

to achieve a desired marsh ecosystem state. Each management action influences specific forcing 

factors that drive ecosystem response, or management outcomes. Responses to management 

actions are evaluated using measurable attributes that are linked to specific management 

objectives. In this way, the predictive models underlie development of a monitoring plan that is 

linked to management objectives for salt marsh ecosystems. Examples are shown for restoration 

of tidal hydrology (Figure 2) and enhancement of fish passage (Figure 3).  

 

 Decision analysis  

The Influence Diagrams graphically represent the structure of the salt marsh decision 

problem and the hypothesized relationships among decisions, external factors, and outcomes. By 

describing how we expect salt marsh ecosystems to respond to specific management actions, 

these conceptual models create the context for salt marsh management decisions (cf. Lyons et al. 

2008). Through the SDM process, attributes identified for assessing resource status and 

evaluating the effectiveness of management actions are linked explicitly to NWRS conservation 

objectives. This framework confers multiple benefits: stating the decision problem in terms of 

the fundamental objectives defined in FWS policy ensures relevance to decision makers at all 

levels in FWS; the transparent linkages between marsh condition, management actions, 

management objectives, and measurable attributes codifies the relationship of monitoring results 

to FWS policy; and the derivation of monitoring attributes from management objectives serves to 

distill a long list of potential indicators of ecosystem integrity into a manageable, and hence 

implementable, suite of metrics. Finally, involving refuge staff at various levels in the 

prototyping process was critical for identifying salt marsh management issues and offers the 

highest likelihood that the monitoring tool will indeed meet FWS needs. 

Salt marsh management decisions are complicated by the presence of multiple, possibly
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Table 5. Linkages between state variables (rows) and potential marsh management actions. Values of state variables that are 

outside the reference range (i.e., the range observed within natural, undisturbed salt marshes of similar latitude and 

geomorphic setting) may trigger the management actions indicated.  

State 

Variables 
 

Potential Management Actions 

Restore 

tidal 

hydro-

logy 

Marsh 

manipu-

lation for 

mosquito 

control 

Chemical 

mosquito 

control 

Control 

of 

invasive 

plant 

species 

Control 

of 

invasive 

animal 

species 

Marsh 

creation 

Enhance 

fish 

passage 

Buffer 

& 

marsh 

pro-

tection 

Erosion 

abate-

ment 

Vegeta-

tion 

manage-

ment 

Fresh-

water 

diver-

sion  

Remove 

fill 

 

Contam-

inant  

reme-

diation 

Tidal range X      X    X   

Ditch density  X       X     

Salinity X         X X   

Species 

composition 
  X X X  X   X X   

Surface 

topography 
 X       X   X  

Surrounding 

land use 
 X      X      

Pesticide 

applied 
 X X           

Ratio open 

water : 

vegetation 

X        X X X X  

Environmental 

contaminants 
            X 

Surface 

elevation 

relative to sea-

level rise 

     X  X X X X X  

Historical 

condition 
X X X X X X X X X X X X X 
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Table 6. Highest priority means objectives within each fundamental objective and most 

sensitive and feasible measurable attribute(s) within each means objective. 

Fundamental 

Objectives 
Means Objectives Measurable attributes 

E
n

v
ir

o
n

m
en

ta
l 

H
ea

lt
h
 

Restore natural tidal regime or hydrology 
Tidal range, duration, frequency 

Salinity 

Restore vertical accretion Positive change in marsh surface elevation 

Minimize contaminant levels Rate per acre chemical applied 

Improve water quality 
Salinity 

Temperature  

M
ai

n
ta

in
 B

io
lo

g
ic

al
 

D
iv

er
si

ty
 

Maintain sustainable populations of 

obligate salt marsh breeding birds 

Abundance of salt marsh breeding birds 

(point counts)   

Maintain sustainable populations of 

wetland dependent migratory and 

wintering birds 

Abundance of migratory/ wintering birds 

Maintain populations of natural fish 

communities 

Fish community composition, relative 

abundance by species 

Maintain natural vegetation communities % cover by species 

Minimize presence of invasive species 
Presence / absence  

% cover by species 

B
io

lo
g
ic

al
 

In
te

g
ri

ty
 Optimize primary production of native 

species 
% cover by species 

Maintain invertebrate communities Abundance by taxon 

 

competing, management objectives and many potential management actions, so that the most 

desirable management options may not emerge clearly from assessments of individual marsh 

attributes. SDM offers a formal process to quantify the tradeoffs involved in multi-attribute 

choices. Founded in multi-attribute utility theory (MAUT), this process consists of normalizing 

the metric measurements to a common “utility” scale so that they can be aggregated across 

objectives into a total performance score (Gregory et al. 2012). In this way, the total management 

benefits derived from various management alternatives can be compared.   

The conceptual models also provide the basis for quantitative models specifying the 

probability of possible outcomes of management decisions. Our decision model for salt marsh 

management incorporates uncertainty at various scales. Structural uncertainty is inherent in the 

sheer complexity of the decision problem, including many alternative management actions that 

are state-dependent with multiple possible outcomes. Uncertainty is associated with our current 

understanding of connections among forcing factors, ecosystem structure, and ecosystem 

functions. Parametric uncertainty is imbedded in the individual links between management 

actions and outcomes; for many lines of influence the absolute and relative magnitudes of cause-

effect relationships are uncertain, and for some, even the direction of influence (positive or 

negative) is unknown. Management experiments would help elucidate the structure of the 

decision problem and determine the likelihood and magnitude of various outcomes from specific 

management actions. This information can be used to update the model structure and reduce 

uncertainty associated with model predictions in an adaptive management framework. 

Ultimately, this information would allow users to optimize choices among management 

alternatives. 
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Figure 1. Influence diagram showing relationships of state variables, management actions, driving factors, and objectives. The 

specific driving factors influencing ecosystem response will vary among management actions implemented. 
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Figure 2. Influence diagram linking restoration of tidal hydrology, driving factors, and objectives. 
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Figure 3. Influence diagram linking management actions to enhance fish passage, driving factors, and objectives. 
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Field Testing 

 Study Design 

  

Placing salt marsh management decisions in a SDM framework enabled us to identify 

measurable salt marsh attributes that are useful for characterizing system status to determine 

optimal management actions (Table 5) and evaluating management performance to determine 

whether management objectives have been achieved (Table 6). These attributes can form the 

basis of a monitoring program focused on the fundamental objectives for NWRS salt marsh 

ecosystems (cf. Lyons et al. 2008). However, the attributes in and of themselves are largely too 

broadly defined to serve as operational monitoring metrics. Our next step in developing an 

approach for monitoring ecological integrity of NWRS salt marshes was therefore to identify 

specific metrics for quantifying each salt marsh attribute. Within the SDM framework, values for 

these metrics can be combined into a single performance score to predict and assess the total 

benefit associated with a given management option (Gregory et al. 2012).  

The most useful monitoring variables will be easily measured, sensitive to stresses on the 

system with known responses, and technically and monetarily feasible and efficient to implement 

(Dale & Beyeler 2001, Kurtz et al. 2001). There are a variety of established, peer-reviewed 

protocols for monitoring various components of salt marsh ecosystems in the northeastern US 

(Table 2). We used these protocols as springboards for testing metrics within the attributes 

identified through the SDM process (Table 7). Some of the attributes can be characterized by 

office-based analysis of existing GIS data layers. For those attributes requiring field 

measurements we tested both rapid and intensive monitoring approaches. Collectively, we tested 

the majority of attributes identified through the SDM process as important for monitoring state 

condition or resource response. However we were forced to exclude a small number of attributes 

that had been identified as important due to lack of consistent data from all refuges 

(environmental contaminants, pesticide application) or requirements for measurement that 

exceeded the resources and scope of this project (surface topography, change in surface elevation 

relative to sea level rise, benthic invertebrates).  

 In partnership with FWS biologists, we tested monitoring metrics at coastal refuges 

throughout FWS Region 5 in the summers of 2008 and 2009 (Figure 4). Seven refuges 

participated in metric testing in 2008 (Rachel Carson [ME], Parker River [MA], Wertheim [NY], 

E.B. Forsythe [NJ], Prime Hook [DE], Bombay Hook [DE], and Eastern Shore of Virginia 

Complex [VA]) and these and an additional two refuges (Stewart B. McKinney [CT] and Rhode 

Island Complex [RI]) participated in 2009. These marshes were classified as Northern Atlantic 

Coastal Plain Tidal Salt Marsh and range from the southern coast of Maine to the mouth of the 

Chesapeake Bay, Virginia (Comer et al. 2003). This system of salt marshes occurs on the bayside 

of barrier beaches and along the outer mouth of tidal rivers where salinity has not been strongly 

impacted by freshwater.  A typical salt marsh profile can be characterized as a low regularly-

flooded marsh dominated by smooth cordgrass (Spartina alterniflora); a higher irregularly-

flooded marsh dominated by saltmeadow cordgrass (S. patens) and saltgrass (Distichlis spicata); 

low hypersaline pannes characterized by glasswort (Salicornia spp.); and a salt scrub ecotone 

characterized by marsh elder (Iva frutescens), groundsel tree (Baccharis halimifolia), and 

switchgrass (Panicum virgatum).  Slightly higher elevated areas also may support eastern red 

cedar (Juniperus virginiana; Comer et al. 2003). 
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Table 7. Attributes tested at seven refuges in 2008 and nine refuges in 2009. Attributes 

were determined through the SDM process; each attribute includes one or more potential 

monitoring metrics. 

Salt marsh attributes Types of measurements tested 

State Variables 

 

 

Historical condition and geomorphic setting Office-based GIS measurements 

 

Ditch density Office-based GIS measurements 

 

Surrounding land-use Office-based GIS measurements 

 

Ratio of open water area : vegetation area Office-based GIS measurements 

 

Marsh surface elevation Ground survey relative to NAVD88 

Dual State and Response Variables 

 

 

Tidal range/groundwater level Rapid & intensive field measurements 

 

Salinity Rapid & intensive field measurements 

Response Variables 

 

 

Vegetation species composition and abundance Rapid & intensive field measurements 

 

Invasive species composition and abundance Rapid & intensive field measurements 

 

Nekton species composition and abundance Rapid & intensive field measurements 

  Breeding bird composition and abundance Rapid & intensive field measurements 

 

Boundaries for all refuges participating in the study were acquired from FWS 

(http://picard.fws.gov/metadata.html). For each refuge we reviewed the individual units depicted 

in the refuge boundary file. We identified two to five Marsh Study Units (MSU) within each 

refuge in close consultation with refuge staff (Table 8; Appendix 1). In some cases the MSUs 

coincided with established management units. More often, however, we used available aerial 

imagery to delineate MSUs within areas of fairly homogenous levels of disturbance or 

management applications; in these cases we used natural features (waterways, upland edge) as 

MSU boundaries.  

Initially we attempted to identify MSUs within each refuge that represented a gradient of 

anthropogenic disturbance and examples of distinct management types in order to compare 

disturbed marshes with local reference systems and to replicate types of management on a 

regional scale. This ultimately proved impossible, however. Although at six refuges we were 

indeed able to locate examples of marsh units with varying degrees of disturbance, in most cases 

the least disturbed marsh units were not pristine, undisturbed systems. Furthermore, at three 

refuges a single disturbance class of marsh existed (Eastern Shore of VA, Prime Hook, and 

Wertheim), and the types of disturbance, degree of impacts, and historic management actions 

within individual marsh units varied considerably across all refuges (Table 8). Therefore, given 

the wide disparity among marsh management types and the lack of undisturbed reference 

systems in general, MSUs were not classified into management categories or pairs of disturbed 

and undisturbed systems for analytical purposes. Marsh units represented broad marsh-

management types and historic impacts as identified in Table 8. “Ditched” marshes were parallel 

ditched historically for mosquito control or salt-hay farming; “ditch plugged” marshes had some 

historic ditches plugged to re-establish areas of permanent water on the high marsh surface; 

“tidal restricted” marshes were impacted by roads, railroad beds, bridges, and dikes across 

natural tidal channels that impair tidal flooding of the marsh; and “OMWM” (open marsh water 

management) consisted of physical alterations to the marsh surface, primarily through creation of 

http://picard.fws.gov/metadata.html
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ponds with radial ditches that may or may not be connected to tidal channels, to create habitat 

and access for fish that feed on mosquito larvae. “Undisturbed” marshes had no evidence or prior 

history of physical alteration or management. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Location of National Wildlife Refuges where field metrics were tested in 2008 and 

2009. 
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After the appropriate units in each refuge were selected, sampling locations were 

randomly assigned to each MSU. Sampling grids were established in each MSU as the basis for 

selecting random sampling locations. Some refuges had existing bird monitoring programs with 

pre-existing sampling points; in these cases we incorporated these existing sampling points into 

our sampling designs. In most cases, a 200-m sampling grid was overlain on each MSU. At 

Stewart B. McKinney - Great Meadows Unit and at E. B. Forsythe - Mullica Wilderness and 

Mullica Ditch Units, we used a 400-m sampling grid because of the large size of the MSUs.  

Sampling designs varied among individual metrics and are described below.  

 

Table 8. Refuges and Marsh Study Units involved in the study. 

Refuge State Study Unit 
Area 

(hectares) 

Management Type 

Eastern Shore of VA 

NWR Complex 

Virginia ESV North 48.8 Undisturbed 

ESV South 20.9 Undisturbed 

FI West 162.9 Undisturbed 

FI East 717.5 Undisturbed 

Prime Hook NWR Delaware PMH 1 163.3 OMWM
*
 

PMH 4 45.8 Ditched 

Bombay Hook NWR Delaware OMWM 25.9 Inactive OMWM 

UNALTERED 99.1 Undisturbed 

GRID 72.9 Ditched 

E.B. Forsythe NWR New Jersey ATT-Ditched 31.8 Ditched 

ATT-OMWM 21.0 OMWM/Ditched 

Barnegat 309.2 OMWM/Ditched 

Mullica-wilderness 717.4 Undisturbed 

Mullica-ditched 279.1 Ditched 

Long Island NWR 

Complex 

(Wertheim) 

New York Eastern North 32.5 Ditched 

Eastern South 32.1 Ditched 

Northern Unit 52.0 Ditched 

Western Unit 57.4 Ditched 

Steward B. 

McKinney 

NWR 

Connecticut SMU – OMWM 8.8 OMWM 

SMU - Grid ditched 1 3.8 Ditched 

SMU - Grid ditched 2 4.4 Ditched 

SMU - Grid ditched 3 11.1 Ditched 

GMU 325.9 Undisturbed 

Rhode Island NWR 

Complex 

Rhode Island Chafee North 9.3 Undisturbed 

Chafee South 15.6 Undisturbed 

Chafee Southeast 6.5 Undisturbed 

Sachuest 3.9 Tidal restricted 

Parker River NWR Massachusetts Grape Island 109.2 Undisturbed 

Nelson’s Island 48.0 Ditched 

OMWM 66.8 OMWM/Ditched 

Rachel Carson 

NWR 

Maine Little River Ditched 19.5 Ditched 

Upper Wells Ref 133.3 Undisturbed 

Upper Wells Tidal 116.7 Tidal restricted 

Lower Wells Ref 37.3 Ditch plugged 

Lower Wells Tidal 37.8 Tidal restricted 
*
Open Marsh Water Management 
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 Sampling Designs and Methods 

 Landscape attributes  

Four attributes consisted of landscape-scale measurements that could be assessed largely 

from existing spatial data (Table 7). Landscape variables to characterize the historical condition 

and geomorphic setting (seven metrics) and the ditch density of MSUs were derived from the 

New England Rapid Assessment Method (NERAM; Carullo et al. 2007, Wigand et al. 2011). 

Each metric was evaluated from aerial imagery and site visits and classified according to the 

categories specified by NERAM (Table 9). 

Land use surrounding the MSUs was obtained from the 2001 National Land Cover 

Database (NLCD) downloaded from Multi-Resolution Land Characteristics Consortium 

(http://www.mrlc.gov/nlcd.php). Land cover classes in the NLCD were aggregated into agri-

cultural, developed, and natural categories (Table 10) within a 150-m buffer zone around each 

MSU, and the area of each category relative to the area of the buffer was calculated. The relative 

area of natural land cover within a 1-km buffer was similarly calculated. The ratio of open water 

area:vegetation area was calculated within each MSU using the same data source.  

 

Table 9.  Landscape metrics and corresponding categories used in this study. 

Metric Categories 

Landscape position marine, middle estuary, upper-estuary 

Shape expansive meadow, narrow fringing marsh 

Exposure well protected, moderate exposure, high exposure 

Fill & fragmentation no, low, moderate, severe 

Tidal flushing well flushed, moderately flushed, poorly flushed 

Diking or tidal restriction yes, no 

Aquatic edge 
low, moderate, high proportion of marsh-unit edge bordered  

by open water vs. marsh-unit edge bordered by upland 

Ditch density no, low, moderate, severe 

 

 Vegetation  

 Rapid methods  

The sampling grids served as the basis for random selection of three to six survey points 

within each MSU for rapid vegetation assessments using NERAM methods (see detailed 

methods in Appendix 2; survey point locations are identified on maps in Appendix 1). The 

number of survey points per MSU corresponded to the size of the unit except at E. B. Forsythe 

Mullica Wilderness and Mullica Ditched units, where a smaller number of points were used 

because of the large size of these units. 

The survey point represented the center of a 100-m diameter circular survey plot. Within 

each survey plot the percent cover of the following vegetation communities and other marsh 

landscape features was estimated: low marsh; high marsh; salt marsh terrestrial border; brackish 

marsh terrestrial border; invasive vegetation; pannes, pools, and creeks; open water; and upland 

vegetation (see Appendix 2 for detailed descriptions of community types). Cover was classified 

into one of seven abundance classes according to the Braun-Blanquet cover scheme (+: less than 

http://www.mrlc.gov/nlcd.php
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Table 10. Aggregation of land cover classes described by the National Land Cover 

Database into land-use metrics. 

Metric 

NLCD 2001 Land 

Cover Class Description 

   
Developed Developed  

open space 

Areas dominated by lawn grass vegetation and few constructed 

materials (e.g., large-lot single-family homes, parks, and golf 

courses). Impervious surfaces: < 20% of total cover.  

 Developed,  

low intensity 

Areas with a mixture of constructed materials and vegetation (e.g., 

single-family homes). Impervious surfaces: 20-49% of total cover. 

 Developed,  

medium intensity 

Areas with a mixture of constructed materials and vegetation (e.g., 

single-family homes). Impervious surfaces: 50-79% of total cover. 

 Developed,  

high intensity 

Highly developed areas where people reside/work in high 

numbers (e.g., apartment complexes, row houses and commercial/ 

industrial). Impervious surfaces: 80-100% of the total cover. 

 Barren Areas dominated by bare rock, gravel, sand, silt, clay, or other 

earthen material, with little or no "green" vegetation present. 

Agricultural Pasture/Hay Areas of grasses, legumes, or grass-legume mixtures planted for 

livestock grazing or production of seed or hay crops, accounting 

for >20% of total vegetation. 

 Cultivated crops Areas used for the production of crops (e.g., corn, soybeans, 

vegetables, tobacco, cotton, and perennial woody crops such as 

orchards and vineyards). Crops accounts for >20% of total 

vegetation. Also includes all land being actively tilled. 

Natural Open water Areas of open water with <25% cover of vegetation or soil. 

 Deciduous forest Areas dominated by trees generally >5 m tall, comprising >20% of 

total vegetation cover. More than 75% of the tree species shed 

foliage in response to seasonal change. 

 Evergreen forest Areas dominated by trees generally >5 m tall, comprising >20% of 

total vegetation cover. More than 75% of the tree species maintain 

leaves year-round. 

 Mixed forest Areas dominated by trees >5 m tall, comprising >20% of total 

vegetation cover. Neither deciduous nor evergreen species exceed 

75% of total tree cover. 

 Shrub/Scrub Areas dominated by shrubs <5 m tall with shrub canopy >20% of 

total vegetation. Includes true shrubs and young or stunted trees. 

 Herbaceous Areas characterized by natural or semi-natural herbaceous 

vegetation comprising 75-100% of the cover. 

 Woody wetlands Areas where forest or shrubland vegetation accounts for >20% of 

vegetative cover and the soil/substrate is periodically saturated 

with or covered with water. 

  Emergent herbaceous 

wetlands 

Areas where perennial herbaceous vegetation accounts for >80% 

of vegetative cover and the soil/ substrate is periodically saturated 

with or covered with water. 
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1% cover; 1: 1% to 5% cover; 2: 6% to 10% cover; 3: 11% to 25% cover; 4: 26% to 50% cover; 

5: 51% to 75% cover; 6: 76% to 100% cover). In addition, a 100-m transect was laid out 

bisecting each survey plot, oriented perpendicular to the marsh upland edge. The vegetation 

species present at sampling locations spaced at 11-m intervals along the transect (resulting in 10 

sampling locations including the transect endpoints) were sampled using the point-intercept 

method (Elzinga et al. 2001). Therefore, the rapid assessment yielded two types of vegetation 

data within each survey plot, a visual estimate of community cover in the plot and species-

intercept data at 10 points along the bisecting transect. 

 

 Intensive methods 

Vegetation was sampled intensively within square-meter quadrats at two scales in each 

MSU: within each 100-m diameter survey plot (2008 only), and within MSUs as a whole (each 

MSU in 2008 and a subset per refuge in 2009; see detailed methods in Appendix 3; transect 

locations are identified on maps in Appendix 1). Intensive metrics consisted of percent cover of 

vegetation by species and non-living ground cover (water, macroalgae, wrack or litter, sediment, 

and rock), and height class of invasive plant species. Percent cover was measured by visual 

estimation within Braun-Blanquet cover classes. Quadrats were located randomly within 

contiguous, 10- to 20-m intervals along transects that were distributed randomly at each scale. 

Within survey plots, a 50-m transect was established from the center to the edge of the plot in a 

random direction within each compass quadrant, resulting in four transects per survey plot. Five 

sampling locations were selected per transect, for a total of 20 samples per plot. Within entire 

MSUs, sampling transects 100 m in length were randomly distributed across the MSU. In 2008, 

we divided each MSU into three strata; one transect starting point was located randomly in each 

stratum and transect direction was determined randomly. In 2009, generally only two MSUs per 

refuge were selected for intensive vegetation measurement; the exception was Rhode Island 

Complex, where intensive sampling occurred in all MSUs because the refuge had not been 

included in 2008 sampling. Within each intensive MSU, six random transects were allocated for 

every 40 ha of unit size. This resulted in more sampled quadrats in these MSUs than had been 

sampled in 2008. Each year, transect starting points were placed at least 150 m apart and at least 

50 m from the unit edge, and some starting points were moved to avoid large expanses of water 

or other logistical considerations.  

 

 Water level and elevation 

 Rapid methods  

One continuous water-level monitor was installed in each MSU in a uniform section of 

marsh characterized by typical vegetation and elevation for that unit. Methods are described in 

Appendix 4. The water-level loggers were lowered into a protective PVC pipe (shallow 

groundwater well) driven into the marsh and attached to a hand-driven marker that provided 

support and stability. Instruments of two different manufactures were used. About half the MSUs 

received a Solinst® Levelogger. These instruments are self-contained water-level dataloggers 

with a pressure transducer and temperature sensor. Because the Levelogger measures total 

pressure (total head of the water plus the barometric atmospheric pressure), barometric data were 

measured separately and used to compensate the Levelogger data and provide true net water-

level readings. Barometric pressure was obtained from barometers fixed to an aboveground 
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structure and high enough to avoid inundation. About half the MSUs received an In-Situ® 

LevelTROLL 700 logger that was vented to the atmosphere, thus eliminating the need for 

barometric pressure correction. All loggers recorded water level every 15 min. Water-level data 

(and barometric data where they were collected) were downloaded at the end of the growing 

season from each station and true net water-level readings for each recording interval were 

calculated and referenced to NAVD88 elevation datum. A Trimble R8 GNSS RTK system with 

access to KeyNetGPS or a Total Station used with control points was used to obtain marsh 

surface elevations with an accuracy of +/- 2 cm. Elevation was recorded at the site of the 

continuous water-level recorder and at five points located haphazardly in the immediate vicinity 

of the water-level recorder.  

 

 Intensive methods 

The height of the groundwater table at low tide was measured in groundwater wells that 

were installed adjacent to vegetation sampling quadrats within a subset of MSUs per refuge (see 

detailed methods in Appendix 5). Wells consisted of PVC pipe (1.5 in. diameter) cut into 70-cm 

lengths, perforated with ¼-inch holes along the lower 60 cm, and capped at the base. The wells 

were pounded 60 cm into the marsh at points located 1 m away from each vegetation quadrat and 

the tops were covered with vented caps. The height of the groundwater table in the wells was 

measured within 2 hours of low tide twice during the growing season. 

A Trimble R8 GNSS RTK system with access to KeyNetGPS or a Total Station used 

with control points was used to obtain marsh surface elevations with an accuracy of +/- 2 cm 

referenced to the NAVD88 datum. Elevation readings were recorded next to each shallow 

groundwater well along representative transects in each MSU. All measures were averaged to 

represent the value for the MSU. 

 

 Salinity 

  Rapid methods  

Surface water salinity was measured within all pools, creeks, and ditches where nekton 

was collected (see below). Water samples were collected from mid-depth in the water column 

and salinity was measured using a hand-held salinity refractometer.  

 Intensive methods  

 Soil salinity was measured at the same time as groundwater table level (2008) or 

vegetation quadrats (2009) using a porewater sipper (see detailed methods in Appendix 5). 

Sippers were constructed of a plastic syringe connected to rigid tubing (plastic or stainless steel) 

with holes drilled in the end for porewater entry. Samples were collected from a depth of 15 cm 

and salinity determined using a hand-held salinity refractometer.  

 

 Nekton 

 

We sampled nekton once in late summer within every MSU in 2008 and within only 

those MSUs selected for intensive vegetation sampling in 2009 (generally 2 per refuge). In 2008 

up to 10 haphazardly chosen locations were sampled per MSU; in 2009, nekton were sampled 
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from the shallow subtidal water body (salt marsh pool, tidal creek, ditch, or shallow marsh 

shoreline) closest to the start of each random vegetation transect. Nekton were sampled using 

one of two quantitative techniques depending on marsh and surface water configuration (throw 

traps, Rozas & Minello 1997; ditch nets, James-Pirri et al. 2010; see detailed methods in 

Appendix 6). Throw traps were used for sampling wide features such as salt marsh creeks and 

pools, whereas ditch nets were used for sampling narrow mosquito ditches.  Both of these traps 

are active samplers that can be used to estimate nekton abundance per unit area of surface water. 

All nekton caught in a trap were enumerated by species, and up to 15 individuals of each species 

were haphazardly selected for measurement to the nearest mm for total length (from the tip of the 

snout to the tip of the caudal fin for fishes; from the tip of the rostrum to the tip of the telson for 

shrimp) or carapace width (the distance between the two furthest points across the carapace for 

crabs). All nekton were released back to the pond, creek, or ditch following processing. 

In 2008 we compared these active samplers, which are fairly intensive sampling devices, 

to use of minnow traps as a passive, thus more rapid, sampler (Appendix 6). Despite the known 

bias of passive traps for certain species and sizes of nekton (Rozas & Minello 1997; Layman & 

Smith 2001), minnow traps may be potentially useful for comparing relative abundances of 

Fundulus heteroclitus, our most common nekton species, within isolated tidal marsh pools 

(Kneib & Craig 2001).  

 

 Breeding Birds  

 Rapid methods 

 Bird survey points were identical to the rapid vegetation survey points. Field technicians 

conducted three call-broadcast surveys at survey points during the breeding season (May - 

August) following the Standardized North American Marsh Bird Monitoring Protocols (Conway 

2008; see detailed methods in Appendix 7). Surveys included a 5-min. passive listening period 

followed by audio broadcast calls of focal marsh birds to elicit vocalizations and increase 

detection rates of secretive and infrequently vocalizing marsh birds (Gibbs & Melvin 1993, 

Conway & Gibbs 2005). Marsh bird species that were broadcast at each refuge depended on the 

refuge’s geographic location and the tidal marsh bird species ranges (Table 11). Calls were 

broadcast for 30 seconds followed by 30 seconds of silence for each species. Technicians 

recorded all species detected during both the 5-min. passive period and the call-broadcast period. 

Locations of individual birds were grouped into three distance categories: 0 – 50 m, 50 – 100 m, 

100+ m. All technicians received marsh bird identification training and were instructed on proper 

monitoring protocol procedures at an avian training workshop prior to each field season. A 

marsh bird identification test was given at the end of each workshop to evaluate identification 

skills and minimize observer bias during the surveys. Survey condition information was recorded 

at the start of each call-broadcast survey and included the following data: date, survey start time, 

survey method (e.g., foot, boat), temperature (F°), sky, wind speed, and background noise. 

Survey start times ranged from 0443 to 1247.  Surveys were not conducted when wind speed was 

greater than 12 mph or during sustained rain or heavy fog. 

 We adjusted the raw bird counts to incorporate the effects of variation in abundance and 

detection among sampling plots (Royle & Nichols 2003). Variation in detection probabilities that 

is caused by variation in abundance allow the distribution of abundances to be estimated without 

marking individuals using a heterogeneous detection probability model (Royle & Nichols 2003). 

Abundance estimates based on simple counts of individuals do not account for impacts of 
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detection probabilities of the individuals counted, leading to biased population estimates (Royle 

2004a). Conventional uncorrected abundance estimates, such as summed maximum counts, have 

been shown to grossly underestimate population sizes (Royle et al. 2007, Kéry 2008). We 

therefore estimated avian species abundance using the R software package “Unmarked” (Fiske et 

al. 2010) which estimates the detection probabilities for each species and uses these estimates to 

adjust estimates of abundance. 

 

Table 11. Marsh bird vocalization sequences used in call-broadcast surveys. 
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Rachel Carson X - - - - - - - 

Parker River X - X X X - X X 

Rhode Island X - X X X X X - 

S.B. McKinney X - X X X X X X 

Wertheim X X - - X X X - 

E.B. Forsythe X X - - X X X - 

Bombay Hook X X X X X X X X 

Prime Hook X X - - X X X - 

Eastern Shore VA X X - - X X X - 

 

 Intensive methods 

We conducted intensive avian sampling at Bombay Hook and Prime Hook National 

Wildlife Refuges and at adjacent state and privately owned lands. At Bombay Hook, eleven 

2.25-ha plots were established in three marsh areas: a parallel grid ditched area (n = 4), an 

OMWM-treated area (n = 3), and an unaltered reference area (n = 4). A 50x50 m grid system 

was established on each plot using 1-m stake flags.  The OMWM-treated marsh was installed in 

1981 as a trial area by the Delaware Division of Fish and Wildlife – Mosquito Control and 

experienced no additional alterations following the initial treatment (Warner 2009). This area 

may be considered old inactive OMWM as it does not receive the typical maintenance or upkeep 

of active OMWM systems. Nineteen plots (1 - 2.25 ha) were established on and adjacent to 

Prime Hook National Wildlife Refuge along a gradient of marsh management: Prime Hook 

National Wildlife Refuge (n = 16; OMWM), Delaware State Wildlife Area (n = 2; grid ditched), 

and Delaware Nature Society property (n = 1; grid ditched).  Intensive bird research was 

conducted at Bombay Hook from 2007 – 2009 and at Prime Hook from 2006 – 2009, during the 

breeding season (May – August). 

Intensive avian sampling was performed at all 30 plots described above and consisted of 

territory mapping, nest searching, and nest monitoring. Seaside Sparrow territories were mapped 

based on a minimum of eight visits to each plot.  During each visit, observers located sparrows 

on plot maps based on the 50x50 m grid system and used the compilation of these sparrow 

locations to define territories following the mapping method recommended by the International 

Bird Census Committee (1970). Spot-mapping surveys were conducted between 0600 and 1200 

hours during the breeding season.  We searched for sparrow nests on each plot at least eight 

times and monitored all nests, with a focus on Seaside Sparrows. Nests were marked with a flag 
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in order to easily relocate nests for monitoring purposes. The flag was placed approximately 1 m 

from each nest, with the nest in between the flag and another flag marking the plot. Flags were 

not placed in front of the nest opening, but to the side or behind to minimize disturbing the nest. 

Nests were revisited every three to four days to monitor nest status. We recorded clutch size, 

number of hatchlings, and number of fledglings, as well as the presence or absence of adults and 

adult defensive behavior. The cause of nest failure (e.g., predation, abandonment, or flooding) 

was determined to the greatest extent possible.  Nests were considered successful if at least one 

chick fledged. 

Results 

 Analysis of Monitoring Metrics Within Attributes  

 General process 

 

Analytical metrics within each attribute were calculated by averaging data for each 

variable at the MSU level. Correlation or regression analysis was conducted on metrics within 

each attribute set for each year (where applicable) to identify key metrics to retain in the regional 

monitoring set.  Correlations or regression slopes with P-values < 0.05 were considered 

significant. Significant relationships between metrics within attributes were justification for 

eliminating redundant metrics from the regional monitoring set. Decisions regarding which 

metrics to retain versus which to eliminate were based primarily on feasibility of monitoring. 

   

 Landscape attributes  

 Description of metrics 

 Categorical landscape variables were transformed into ordinal ranked values and are 

described in Table 12.  Land-cover metrics were defined within MSUs, within a 150-m buffer, or 

within a 1-km buffer and are described in Table 13. 

 

Table 12. Categorical landscape metrics and corresponding ordinal ranks and definitions. 

Metric Definition 

  
Landscape_position 

ranked landscape position of marsh: 1 (marine), 2 (middle-estuary),  

                                                            3 (upper-estuary) 

Shape ranked marsh shape: 1 (expansive meadow), 2 (narrow fringing marsh) 

Exposure 
degree of marsh exposure: 1 (well protected), 2 (moderate exposure),  

                                            3 (high exposure) 

Fill_frag degree of fill/fragmentation: 1 (no), 2 (low), 3 (moderate), 4 (severe) 

Tidal_flushing 
degree of tidal flushing: 1 (well flushed), 2 (moderately flushed),  

                                        3 (poorly flushed) 

Diking degree of diking/tidal restriction: 1 (no), 2 (yes) 

Aquatic_edge degree of aquatic edge: 1 (low), 2 (moderate), 3 (high) 

Ditch_density degree of ditching: 1 (no), 2 (low), 3 (moderate), 4 (severe) 
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Table 13. Land-cover types and corresponding definitions. 

Metric Definition 

Dev_Total 

% of developed land cover types in the 150-m buffer around MSU 

(Developed open space + Developed, low intensity + Developed, medium 

intensity + Developed, high intensity + Barren land)  

Agricultural_Total 
% of agricultural land cover types in 150-m buffer around MSU 

(Pasture/Hay + Cultivated crops)  

Natural_150m 

% of Natural habitat in 150-m buffer around MSU (Open water + 

Deciduous forest + Evergreen forest + Mixed forest + Shrub/Scrub + 

Herbaceous  + Woody wetlands + Emergent herbaceous wetlands) 

Natural_1km 

% of Natural habitat in 1-km buffer around MSU (Open water + Deciduous 

forest + Evergreen forest + Mixed forest + Shrub/Scrub + Herbaceous  + 

Woody wetlands + Emergent herbaceous wetlands) 

OW_Veg_withinUnit Ratio of Open water to Emergent herbaceous wetlands within MSU 

 Metric analysis 

Only two sets of categorical landscape metrics were highly correlated (Table 14): 1) 

landscape position and exposure (r = -0.58) and 2) tidal flushing and diking (r = 0.93). There was 

no clear rationale to select one or the other metric within each pair. However, landscape position 

seemed to encompass the same characteristics as exposure and also included additional 

information about tidal influences, and tidal flushing seemed to convey additional information 

about the extent of tidal influence versus simply whether a site was tidally restricted. Therefore, 

landscape position, shape, fill or fragmentation, tidal flushing, aquatic edge, and ditch density 

were selected for retention in the regional metric set. 

The proportion of developed land was highly correlated with the proportion of natural 

land within the 150-m and the 1-km buffers around the MSUs (Table 15) and so was removed 

from the regional metric set. Natural and agricultural land within the buffers and the ratio of 

open water to vegetation within the MSU were retained as contributing unique information to the 

regional metric set. The influence of surrounding land use on marsh integrity may vary 

depending on the size of the marsh; therefore, for regional analyses, land-cover metrics in the 

150-m and 1-km buffers were scaled by the ratio of the size of the buffer to the size of the MSU.  

 

 Water level and elevation  

 Description of metrics 

Hydrology metrics included mean water depth in groundwater wells at low tide (intensive 

measurements) and numerous metrics derived from deployment of continuously recording water- 

level dataloggers (rapid measurements; Table 16). Because the marsh surface at the majority of 

sites was subject to irregular tidal inundation (e.g., Figure 5), Mean Daily Low Water (MDLW) 

and Mean Daily High Water (MDHW) were determined by averaging low and high water levels 

during lunar-day cycles over the length of deployment. Although identified as a separate 

attribute, elevation is included with hydrology metrics for analysis because of the strong 

relationship between elevation and flooding (Table 16).  
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Table 14. Correlation matrix for categorical landscape metrics.  R-values  

significant at P < 0.05 are in bold. 

Metric 
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Landscape_position 1 0.23 -0.58 -0.20 0.39 0.33 -0.14 0.13 

Shape  1 0.16 -0.15 -0.14 -0.15 0.45 0.34 

Exposure   1 0.16 -0.33 -0.35 0.41 0.09 

Fill_frag    1 -0.12 -0.13 0.45 -0.18 

Tidal_flushing     1 0.94 -0.34 -0.13 

Diking      1 -0.37 -0.18 

Aquatic_edge       1 0.17 

Ditch_density        1 

n 35 35 35 35 35 35 35 35 

 

Table 15. Correlation matrix for land-cover metrics. R-values significant at  

P < 0.05 are in bold. 

Metric 

 

D
ev

_
T

o
ta

l 

A
g
ricu

ltu
ra

l 

_
T

o
ta

l 

N
a
tu

ra
l_

1
k

m
 

N
a
tu

ra
l_

 

1
5
0

m
 

O
W

_
V

eg
_
 

w
ith

in
U

n
it 

Dev_Total 1 0.05 -0.62 -0.99 0.16 

Agricultural_Total 
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Table 16.  Rapid and intensive water level and elevation metrics and corresponding 

definitions. 

Method / Metric Definition 

Rapid   

  %_flooded % of time marsh surface was flooded during datalogger deployment 

  Longest_Flood Longest surface flooding event (h) during deployment 

  Mean_Flood_Depth 
Mean water depth (cm above marsh surface) during surface flooding 

events over deployment 

  Mean_Flood_Length Mean duration (h) of surface flooding events over deployment 

  MDLW Mean Daily Low Water (m referenced to NAVD88) over deployment 

  MDHW Mean Daily High Water (m referenced to NAVD88) over deployment 

Intensive   

  Mean_Depth_LowTide Mean Depth (cm) of water in groundwater wells at low tide 

  Elevation Elevation (m) referenced to NAVD88 
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Figure 5. Example of a typical continuous water level data set (in black) from Bombay 

Hook Reference MSU 2009. Marsh surface height (m) referenced to NAVD88 is shown as a 

green, dashed line.  Mean daily low water (MDLW) and mean daily high water (MDHW) 

calculated within lunar tidal cycles are shown in solid red and blue lines, respectively. 

 Metric analysis 

Significant, positive correlations (r > 0.70) existed between the percent of time the marsh 

surface was flooded (%_Flooded), the longest flood event (Longest_Flood), and the mean 

duration of flood events (Mean_Flood_Length) in 2008 (Table 17) and 2009 (Table 18); thus, 

Longest_Flood and Mean_Flood_Length were removed from the monitoring metrics. MDLW 

and MDHW were both strongly correlated with elevation; because elevation is itself an attribute 

it was retained, and the hydrologic variables MDLW and MDHW were eliminated. The mean 

depth of flood events (Mean_Flood_Depth) was not correlated with any hydrologic/elevation 

variable and so was retained in the monitoring set.  

The intensive metric Mean_Depth_LowTide as measured within an array of groundwater 

wells was not correlated with any rapid hydrology metrics on a regional scale. Examination of 

continuous water level data suggests an explanation for this lack of relationship. The continuous 

water-level loggers were installed in groundwater wells on the marsh platform, one per MSU, in 

areas that were typical of the unit in terms of elevation and the vegetative community. A 

representative example of the continuous water level in the Bombay Hook Reference MSU is 

shown in Figure 5. The maximum water levels occurred in association with the large tidal range 

of spring tides (e.g., May 26-27, June 7-8, June 25-26, etc.). Given the large water volume on the 

marsh surface and the poor hydraulic conductivity of the marsh substrate, ground water did not 

drain fully during spring tides – the lowest groundwater level was just below the marsh surface 
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during these periods. In contrast, the marsh surface was not flooded during the lower tidal range 

of neap tides (e.g., June 17-18, July 17-18). Without daily flooding of the marsh surface, the 

ground water drained much more fully – the groundwater level dropped to nearly 10 cm deeper 

during these periods. Consequently, the depth of the groundwater at low tide within groundwater 

wells in the marsh is highly dependent on when in the tidal cycle the measurement is made. 

Although hydrologic data from spatially distributed groundwater wells is useful to determine the 

variability in root zone saturation within an individual MSU (e.g., Figure 6), it is clear that 

regional comparisons of groundwater levels from periodic rather than continuous measurements 

would require either many more water level measurements per season or extreme coordination 

across refuges to collect measurements at the same time of the spring-neap tidal cycle. Because 

neither of these options is deemed feasible for NWRS monitoring, periodic groundwater level as 

measured by hand in spatially distributed wells was eliminated from the regional metric set.   

 

Table 17. Correlation matrix for 2008 hydrology metrics.  R-values significant at P < 0.05 

are in bold. 
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Elevation 1 -0.32 -0.13 -0.31 0.02 -0.22 1.00 0.97 

%_flooded 

 

1 0.87 -0.04 0.70 0.33 -0.28 -0.23 

Longest_Flood 

  

1 -0.31 0.84 0.20 -0.14 -0.17 

Mean_Flood_Depth 

   

1 -0.39 0.31 -0.34 -0.16 

Mean_Flood_Length 

    

1 -0.02 0.01 -0.06 

Mean_Depth_LowTide 

     

1 -0.08 0.01 

MDLW 

      

1 0.98 

MDHW 

       

1 

n 21 21 21 21 21 23 21 21 

 

Table 18. Correlation matrix for 2009 hydrology metrics.  R-values significant at P < 0.05 

are in bold. 
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M
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W

 

Elevation 1 -0.15 -0.23 -0.08 -0.22 -0.43 0.99 0.96 

%_flooded 

 

1 0.78 0.00 0.86 0.79 -0.04 0.02 

Longest_Flood 

  

1 0.02 0.93 0.79 -0.19 -0.16 

Mean_Flood_Depth 

   

1 0.04 -0.44 -0.18 0.00 

Mean_Flood_Length 

    

1 0.85 -0.17 -0.13 

Mean_Depth_LowTide 

     

1 -0.43 -0.42 

MDLW 

      

1 0.98 

MDHW 

       

1 

n 24 26 26 26 26 3 26 26 
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Figure 6. Example of continuous water level (in black) and low-tide water levels in spatially 

distributed groundwater wells (colored symbols) from Parker River Mainland MSU in 

2008. Marsh surface height (m) referenced to NAVD88 is shown as a red line. Groundwater 

wells (W1 – W7) were installed along vegetation transects (T7 & T3) at intervals of ~13m. 

 Salinity  

 Salinity metrics consisted of measurements of porewater salinity using a syringe sampler 

(Intensive_Salinity) and surface water salinity in pools, creeks, and ditches (Rapid_Salinity) 

(Table 19). Intensive salinity was positively correlated with rapid salinity (2008, r = 0.63, n = 21, 

P < 0.005; 2009, r = 0.37, n = 18, P = 0.13). We have insufficient information to speculate on 

causes for the weaker correlation between groundwater and surface water salinity in 2009. Based 

on the consistent direction of the relationship between metrics each year and the strength of the 

relationship in 2008, Intensive_Salinity was eliminated from the regional data set in favor of 

Rapid_Salinity. The dependence of groundwater level in wells on time of measurement relative 

to the neap/spring tidal cycle suggests that porewater salinity may be similarly influenced by 

sampling logistics, which further supports retention of surface-water salinity in the regional 

metric set. 

 

Table 19. Intensive and rapid salinity metrics and corresponding definitions. 

Method / Metric Definition   
 Intensive 

     

 
Intensive_Salinity Mean salinity in porewater measured using sipper  

Rapid 

     

 
Rapid_Salinity Mean salinity measured in surface water 
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 Vegetation  

 Description of metrics 

 Marsh vegetation metrics included a combination of rapid and intensive techniques for 

estimating percent cover and species richness (Table 20). Rapid assessment percent-cover 

metrics (RA metrics) were derived from cover estimates within survey plots of each of the eight 

community habitat-types defined in that method. Rapid vegetation species-richness was derived 

from point-intercept data within the survey plots. Intensive metrics were derived from quadrat 

measurements at the scale of the survey plots (I1 metrics) and at the entire MSU (I2 metrics). 

Percent cover of dominant individual species was measured directly within quadrats. In addition, 

each species present in a quadrat was assigned to a community class analogous to the rapid 

community habitat-types based on known salinity tolerance and wetland indicator status (Table 

21). The percent cover of community types in marsh quadrats was then derived by summing over 

the percent covers of the individual species within each community type.  

 Metric analysis 

 Vegetation species-richness as measured using the rapid point-intercept method within 

survey plots (Rapid_Veg_SpRich) was highly correlated with mean species richness measured 

from quadrats both within the survey plots (I1_Veg_SpRich) and at the scale of the entire MSU 

(I2_Veg_SpRich) (Table 22), although the species richness estimated by the methods differed 

(Table 23). Within the survey plots, the mean vegetation species richness measured by the rapid 

point-intercept transects was considerably less than that measured by the intensive quadrats in 

2008 (Table 23, P < 0.01). At the scale of the entire MSU, the mean rapid species richness was 

slightly less than that measured by the quadrats in 2009 (Table 23, P < 0.05), but there was no 

observable difference between these methods in 2008, when there were fewer quadrats sampled 

per MSU (Table 23, P > 0.1). The differences in species richness estimates among methods 

appeared related primarily to the total area sampled.  

In general, the species that were missed by the point-intercept transects were relatively 

rare throughout the survey plots and the MSUs. In most individual MSUs, the species missed by 

the point-intercept samples formed a mean percent cover of less than 1% of the survey plots and 

the entire marsh units and occurred at mean frequency of less than 20% (Table 24). Given that 

the metrics show the same patterns across survey plots and MSUs, they contribute similar 

information regarding differences among marsh units relative to overall marsh integrity 

objectives. Therefore, the rapid method of estimating vegetation species richness by point-

intercept transects within survey plots was retained and the intensive methods dropped in the 

regional metric set. However, if the objective of a sampling program is to obtain a true estimate 

of species richness, then use of a quadrat-based approach that samples a greater marsh area 

would be preferable.   

Percent cover values were transformed from the Braun-Blanquet percent-cover classes to 

class midpoints for quantitative analysis as follows (Braun-Blanquet class: class midpoint): +: 

0.5%; 1: 3%; 2: 8%; 3: 18%; 4: 38%; 5: 63%; 6: 88%.  At the scale of the 100-m diameter survey 

plots, the rapid method of estimating percent cover of plant communities was highly correlated 

with the intensive, quadrat-based method of measuring percent cover of individual species for 

the predominant community types (Table 25): rapid measurement of brackish terrestrial border 

cover (RA_Brack_Terr_Border) was positively correlated with percent cover of Scirpus robustus 

(I1_SciRob_Cover) and the summed cover of brackish terrestrial border indicator species 
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(I1_Brack_Terr_Border) in quadrats; rapid measurement of high marsh cover (RA_High_Marsh) 

was positively correlated with percent cover of Distichlis spicata (I1_DisSpi_Cover), Spartina 

patens (I1_SpaPat_Cover), and the summed cover of high marsh indicator species 

(I1_High_Marsh) in quadrats; rapid measurement of low marsh cover (RA_Low_Marsh) was 

negatively correlated with quadrat measurements of high marsh (I1_SpaPat_Cover; 

I1_High_Marsh); and rapid measurement of invasives (RA_Invasives) cover was positively 

correlated with quadrat measurements of Phragmites australis cover (I1_PhrAus_Cover). 

Significant correlations between both rapid measurements of bracking terrestrial border cover 

and quadrat measurements of invasive species and rapid measurements of invasives and quadrat 

measurements of bracking terrestrial border species reflected the overlapping habitats of these 

communities. Measurements of Spartina alterniflora cover in quadrats were excluded from these 

analyses because the plant growth form (tall versus short) was not recorded during sampling, 

thus it was impossible to assign S. alterniflora in quadrats to high or low marsh with certainty. 

Most relationships between rapid survey-plot vegetation-cover metrics and their intensive 

quadrat-based counterparts were also significant at the scale of the entire MSU in both 2008 

(Table 26) and 2009 (Table 27).  

 The field comparisons of the rapid and intensive methods of measuring the relative 

abundance of marsh vegetation communities throughout the region supports retention of rapid 

cover measurements in the regional metric set. In a previous comparison of NERAM landscape 

and vegetation metrics with intensive vegetation species and soils metrics in southern New 

England salt marshes, Wigand et al. (2011) found the rapid assessment methods adequate for 

describing ambient marsh condition. We performed similar comparisons throughout a broader 

region. When the rapid and intensive methods were compared at the same scale (in survey plots) 

their results were strongly correlated. At the scale of entire MSUs, a much smaller proportion of 

the marsh area was sampled by the square meter quadrats than by the 100-m diameter survey 

plots, yet many correlations still existed between rapid and intensive metrics. Application of the 

rapid metrics at the MSU scale allows a much larger portion of the marsh to be examined with a 

much smaller level of effort, and contributes similar information about marsh units relative to 

overall marsh integrity objectives. However, if the sampling objective is to estimate the percent 

contribution of individual species to vegetation cover, then an intensive quadrat-based approach 

would be necessary.  
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Table 20.  Intensive and rapid marsh vegetation metrics and corresponding definitions.  

Intensive metrics were derived from quadrat measurements at the scale of the survey plots 

(I1 metrics) and at the entire MSU (I2 metrics). Rapid assessment percent-cover metrics 

(RA metrics) were derived from cover estimates within survey plots. 

Method / Metric Definition 

     
Intensive within Survey Plots 

 
 

I1_Veg_SpRich Vegetation species richness using quadrats within survey plots 

 
I1_SciRob_Cover % Cover of Scirpus robustus within survey plots 

 
I1_DisSpi_Cover % Cover of Distichlis spicata within survey plots 

 
I1_SpaPat_Cover % Cover of Spartina patens  within survey plots 

 
I1_PhrAus_Cover % Cover of Phragmites australis within survey plots 

 
I1_IvaFru_Cover % Cover of Iva frutescens within survey plots 

 
I1_High_Marsh % Cover of High Marsh Indicator Species within survey plots 

 
I1_Salt_Marsh_Terr_Border % Cover of Salt Marsh Terrestrial Border Indicator spp  within survey plots 

 
I1_Brack_Terr_Border % Cover of Brackish Terrestrial Border Indicator spp within survey plots 

 
I1_Invasives % Cover of all Invasive species using quadrats within survey plots 

 Intensive within MSUs 

  

 
I2_Veg_SpRich Vegetation species richness using quadrats within MSUs 

 

 
I2_SciRob_Cover % Cover of Scirpus robustus within MSUs 

 

 
I2_DisSpi_Cover % Cover of Distichlis spicata within MSUs 

 

 
I2_SpaPat_Cover % Cover of Spartina patens within MSUs 

 

 
I2_PhrAus_Cover % Cover of Phragmites australis within MSUs 

 

 
I2_IvaFru_Cover % Cover of Iva frutescens within MSUs 

 

 
I2_High_Marsh % Cover of High Marsh indicator species within MSUs 

 

 
I2_Salt_Marsh_Terr_Border % Cover of Salt Marsh Terrestrial Border indicator spp within MSUs 

 
I2_Brack_Terr_Border % Cover of Brackish Terrestrial Border indicator spp within MSUs 

 
I2_Invasives % Cover of all Invasive species using quadrats within MSUs 

 
Rapid within Survey Plots 

  

 
Rapid_Veg_SpRich Vegetation species richness using rapid point-intercept method in survey plots 

 
RA_Brack_Terr_Border % Cover of Brackish Terrestrial Border Habitat Type using rapid method 

 
RA_Invasives % Cover of Invasives Community Habitat Type using rapid method 

 

 
RA_Open_Water % Cover of Open Water Community Habitat Type using rapid method 

 

 
RA_Pannes_Pools_Creeks % Cover of Pannes, Pools, & Creeks Habitat Type using rapid method 

 
RA_High_Marsh % Cover of High Marsh Community Habitat Type using rapid method 

 
RA_Low_Marsh % Cover of Low Marsh Community Habitat Type using rapid method 

 
RA_Salt_Marsh_Terr_Border % Cover of Salt Marsh Terrestrial Border Habitat Type using rapid method 

 
RA_Upland % Cover of Upland Community Habitat Type using rapid method 
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Table 21.  List of marsh vegetation species observed in this study with corresponding 

salinity class, salinity tolerance, wetland indicator status and assigned community class. 

Marsh Vegetation Species Salinity Class 

Salinity 

Tolerance 

Wetland 

Indicator 

Status
1
 Assigned Community Class 

Ailanthus altissima BRACKISH
2
 MEDIUM

1
 FACU BRACK_TERR_BORD 

Agalinis maritima HALOPHYTE
1
 HIGH

1
 FACW HIGH_MARSH 

Amaranthus cannabinus BRACKISH
4
 LOW

2
 OBL BRACK_TERR_BORD 

Ammophila breviligulata BRACKISH
3
 HIGH

1
 FACU BRACK_TERR_BORD 

Argentina anserina HALOPHYTE
3
 MEDIUM

1
 OBL HIGH_MARSH 

Astragalus racemosus UNKNOWN UNKNOWN FACU BRACK_TERR_BORD 

Atriplex patula HALOPHYTE
3
 HIGH

2
 FACW HIGH_MARSH 

Baccharis halimifolia HALOPHYTE
2
 HIGH

1
 FACW SALT_MARSH_TERR_BORD 

Bidens frondosa BRACKISH
4
 NONE

1
 FACW BRACK_TERR_BORD 

Boehmeria cylindrica BRACKISH
4
 NONE

1
 FACW BRACK_TERR_BORD 

Borrichia frutescens HALOPHYTE
1
 HIGH

1
 OBL SALT_MARSH_TERR_BORD 

Calamagrostis canadensis BRACKISH
2
 NONE

1
 FACW BRACK_TERR_BORD 

Convolvulus arvensis GLYCOPHYTE
5
 NONE

5
 UPL UPLAND 

Cuscuta gronovii BRACKISH
2
 LOW

1
 OBL BRACK_TERR_BORD 

Cyperus sp. BRACKISH
4
 NONE

1
 FACW BRACK_TERR_BORD 

Cyperus filicinus BRACKISH
4
 NONE

1
 FACW BRACK_TERR_BORD 

Cyperus strigosus BRACKISH
4
 NONE

1
 FACW BRACK_TERR_BORD 

Decodon verticillatus BRACKISH
2
 NONE

1
 OBL BRACK_TERR_BORD 

Distichlis spicata HALOPHYTE
3
 HIGH

1
 FACW HIGH_MARSH 

Echinochloa walteri BRACKISH
4
 MEDIUM

1
 FACW BRACK_TERR_BORD 

Eleocharis parvula BRACKISH
2
 MEDIUM

1
 OBL HIGH_MARSH 

Eleocharis sp. BRACKISH
4
 MEDIUM

1
 OBL HIGH_MARSH 

Festuca rubra BRACKISH
2
 LOW

1
 FACU BRACK_TERR_BORD 

Fucus edentatus HALOPHYTE
2
 HIGH

2
 OBL LOW_MARSH 

Galium tinctorium BRACKISH
4
 NONE

1
 OBL BRACK_TERR_BORD 

Glaux maritima HALOPHYTE
2
 HIGH

2
 OBL HIGH_MARSH 

Hibiscus moscheutos BRACKISH
2
 LOW

1
 OBL BRACK_TERR_BORD 

Hieracium scabrum UNKNOWN UNKNOWN UNKNOWN BRACK_TERR_BORD 

Impatiens capensis BRACKISH
4
 NONE

1
 FACW BRACK_TERR_BORD 

Iva frutescens HALOPHYTE
3
 HIGH

1
 FACW SALT_MARSH_TERR_BORD 

Juncus balticus HALOPHYTE
3
 HIGH

1
 FACW HIGH_MARSH 

Juncus gerardii HALOPHYTE
1
 HIGH

2
 FACW HIGH_MARSH 

Juniperus virginiana BRACKISH
4
 LOW

1
 FACU BRACK_TERR_BORD 

Lemna minor BRACKISH
4
 LOW

1
 OBL PANNES_ POOLS 

Limonium nashii HALOPHYTE
3
 HIGH

1
 OBL HIGH_MARSH 

Limonium vulgare HALOPHYTE
1
 HIGH

1
 OBL HIGH_MARSH 

Lonicera morrowii UNKNOWN UNKNOWN FACU UPLAND 

Lythrum salicaria BRACKISH
2
 LOW

2
 FACW INVASIVES 

Mentha arvensis GLYCOPHYTE NONE
1
 FACW BRACK_TERR_BORD 

Myrica pensylvanica BRACKISH
4
 MEDIUM

1
 FAC BRACK_TERR_BORD 

Panicum virgatum HALOPHYTE
3
 MEDIUM

1
 FAC SALT_MARSH_TERR_BORD 

Phragmites australis BRACKISH
3
 MEDIUM

3
 FACW INVASIVES 

Plantago maritima HALOPHYTE
3
 HIGH

3
 FACW HIGH_MARSH 

Pluchea odorata BRACKISH
2
 LOW

1
 OBL BRACK_TERR_BORD 
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Marsh Vegetation Species Salinity Class 

Salinity 

Tolerance 

Wetland 

Indicator 

Status
1
 Assigned Community Class 

Pluchea purpurascens BRACKISH
2
 LOW

1
 OBL BRACK_TERR_BORD 

Polygonum arifolium BRACKISH
4
 MEDIUM

2
 OBL BRACK_TERR_BORD 

Polygonum punctatum BRACKISH
4
 MEDIUM

1
 OBL BRACK_TERR_BORD 

Polygonum sagittatum BRACKISH
4
 MEDIUM

1
 OBL BRACK_TERR_BORD 

Ptilimnium capillaceum BRACKISH
4
 LOW

1
 OBL BRACK_TERR_BORD 

Puccinellia maritima HALOPHYTE
3
 HIGH

3
 OBL HIGH_MARSH 

Rosa rugosa BRACKISH
3
 LOW

1
 FACU BRACK_TERR_BORD 

Ruppia maritima BRACKISH
4
 MEDIUM

1
 OBL PANNES_ POOLS 

Salicornia bigelovii HALOPHYTE
1
 HIGH

1
 OBL HIGH_MARSH 

Salicornia europaea HALOPHYTE
3
 HIGH

1
 OBL HIGH_MARSH 

Salicornia sp. HALOPHYTE
1
 HIGH

1
 OBL HIGH_MARSH 

Salicornia virginica HALOPHYTE
1
 HIGH

1
 OBL HIGH_MARSH 

Schoenoplectus americanus BRACKISH
2
 MEDIUM

2
 OBL BRACK_TERR_BORD 

Scirpus maritimus BRACKISH
3
 HIGH

1
 OBL BRACK_TERR_BORD 

Scirpus robustus BRACKISH
3
 HIGH

1
 OBL BRACK_TERR_BORD 

Scutellaria lateriflora BRACKISH
2
 NONE

2
 FACW BRACK_TERR_BORD 

Sesuvium maritimum HALOPHYTE
1
 HIGH

1
 FACW HIGH_MARSH 

Solidago sempervirens HALOPHYTE
3
 HIGH

1
 FACW SALT_MARSH_TERR_BORD 

Spartina alterniflora HALOPHYTE
3
 HIGH

1
 OBL LOW_MARSH 

Spartina cynosuroides BRACKISH
4
 HIGH

1
 OBL BRACK_TERR_BORD 

Spartina patens HALOPHYTE
3
 HIGH

1
 FACW HIGH_MARSH 

Spartina pectinata BRACKISH
3
 LOW

1
 OBL BRACK_TERR_BORD 

Spergularia maritima HALOPHYTE
2
 HIGH

2
 FACW HIGH_MARSH 

Sphagnum sp. UNKNOWN UNKNOWN UNKNOWN UPLAND 

Suaeda maritima HALOPHYTE
2
 HIGH

2
 OBL HIGH_MARSH 

Symphyotrichum tenuifolium HALOPHYTE
3
 HIGH

3
 OBL HIGH_MARSH 

Teucrium canadense BRACKISH
2
 LOW

1
 FACW BRACK_TERR_BORD 

Thelypteris thelypteroides BRACKISH
2
 NONE

1
 FACW BRACK_TERR_BORD 

Toxicodendron radicans BRACKISH
3
 LOW

3
 FAC BRACK_TERR_BORD 

Triadenum virginicum BRACKISH
2
 LOW

2
 OBL BRACK_TERR_BORD 

Triglochin maritima HALOPHYTE
3
 HIGH

3
 OBL HIGH_MARSH 

Typha angustifolia BRACKISH
3
 MEDIUM

1
 OBL BRACK_TERR_BORD 

Typha latifolia BRACKISH
3
 LOW

1
 OBL BRACK_TERR_BORD 

Ulva lactuca HALOPHYTE
2
 HIGH

2
 OBL PANNES_ POOLS 

Verbena hastata BRACKISH
4
 LOW

4
 FACW BRACK_TERR_BORD 

Sources:   
1
USDA 2012;  

2
Tiner 2009;  

3
Konisky et al. 2006;  

4
Harrison 2004;  

5
Bilski & Foy 1988 
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Table 22. Correlation matrix for vegetation species richness measured  

using rapid and intensive methods in 2008 and 2009.  I1_Veg_SpRich  

measured within survey plots; I2_Veg_SpRich measured at scale of MSU; 

Rapid_Veg_SpRich measured using point-intercept transects within survey  

plots. R-values significant at P < 0.05 are in bold. 
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I1_Veg_SpRich 1 0.53 0.88  
  

I2_Veg_SpRich  1 0.66  1 0.72 

Rapid_Veg_SpRich  
 

1  
 

1 

n 25 23 25  21 35 

 

 

 

 

Table 23. Mean (SD) vegetation species richness across all MSUs estimated  

by different methods in 2008 and 2009. I1_Veg_SpRich measured within  

survey plots; I2_Veg_SpRich measured at scale of MSU; Rapid_Veg_SpRich 

measured using point-intercept transects within survey plots. “nd” = no data. 

 

Metric 2008 2009 

I1_Veg_SpRich 10.3 (7.0) nd 

I2_Veg_SpRich 7.5 (4.1) 7.6 (4.6) 

Rapid_Veg_SpRich 6.0 (3.6) 5.5 (2.8) 
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Table 24. Quantity, percent cover, and frequency of vegetation species that were recorded in vegetation quadrats but not in point-intercept 

samples at comparable sampling scales. Within each row, “missed” species were recorded by survey plot quadrats and MSU quadrats but 

not by comparable point-intercept transects. Table values are derived across all missed species within a MSU. Dash indicates no data. 

   2008   2009 

  

  
Comparison with survey plot quadrats   Comparison with MSU quadrats 

 
Comparison with MSU quadrats 

  

  

No. of 

species 

missed 

by point-

intercept 

transect 

Percent 

Cover   

Frequency 

(%)   

No.  of 

species 

missed 

by point-

intercept 

transect 

Percent 

Cover   

Frequency 

(%) 

 

No. of 

species 

missed 

by point-

intercept 

transect 

Percent 

Cover   

Frequency 

(%) 

Refuge / Marsh 

Study Unit Mean SD   Mean SD   Mean SD   Mean SD   Mean SD   Mean SD 

Rachel Carson NWR                           

 
            

  

Little River 

Ditched 6 0.95 0.56   31.7 24.9   7 0.74 1.03   32.1 24.0 

 
- - -   - - 

  Lower Wells Ref 12 0.75 0.71   14.1 18.3   6 0.25 0.30   22.8 27.8 

 
- - -   - - 

  Lower Wells Tidal 6 0.31 0.42   15.6 22.1   3 0.19 0.15   31.5 28.0 

 
- - -   - - 

  Upper Wells Ref 6 0.45 0.49   12.2 10.3   6 0.54 0.60   19.2 20.8 

 
8 0.74 0.72   9.03 14.1 

  Upper Wells Tidal 6 0.46 0.62   11.2 10.8   5 0.42 0.40   17.0 10.4 

 
8 0.35 0.53   10.1 6.80 

Parker River NWR                           

 
            

  Grape Island 5 0.24 0.13   12.0 7.94   2 0.60 0.64   12.5 3.54 

 
2 0.03 0.01   5.00 2.36 

  Nelson's Island 3 1.17 1.78   20.0 28.9   5 0.41 0.69   12.0 15.7 

 
- - -   - - 

  OMWM 7 0.16 0.37   5.18 8.21   3 0.43 0.45   13.3 5.77 

 
4 0.19 0.14   6.67 2.72 

Rhode Island NWR Complex                         

 
            

  Chafee North - - -   - -   - - -   - - 

 
4 2.30 2.71   22.5 25.0 

  Chafee South - - -   - -   - - -   - - 

 
6 1.11 1.81   14.2 7.36 

  Sachuest - - -   - -   - - -   - - 

 
4 3.32 5.56   23.3 17.6 

Stewart B. McKinney NWR                         

 
            

  SMU  Grid ditched 1 - - -   - -   - - -   - - 

 
0 0.00         

  SMU  Grid ditched 2 - - -   - -   - - -   - - 

 
2 0.42 0.00   16.7 0.00 

  SMU  Grid ditched 3 - - -   - -   - - -   - - 

 
2 1.64 0.00   9.09 0.00 

  SMU OMWM - - -   - -   - - -   - - 

 
2 0.70 0.14   25.0 21.2 
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   2008   2009 

  

  
Comparison with survey plot quadrats   Comparison with MSU quadrats 

 
Comparison with MSU quadrats 

  

  

No. of 

species 

missed 

by point-

intercept 

transect 

Percent 

Cover   

Frequency 

(%)   

No.  of 

species 

missed 

by point-

intercept 

transect 

Percent 

Cover   

Frequency 

(%) 

 

No. of 

species 

missed 

by point-

intercept 

transect 

Percent 

Cover   

Frequency 

(%) 

Refuge / Marsh 

Study Unit Mean SD   Mean SD   Mean SD   Mean SD   Mean SD   Mean SD 

Long Island NWR Complex                          

 
            

  Eastern North 20 0.20 0.27   3.64 3.36   1 0.02     4.76   

 
- - -   - - 

  Eastern South 8 0.35 0.41   4.43 4.28   2 6.23 8.74   19.0 13.5 

 
4 0.24 0.43   12.5 16.2 

  Northern Unit 4 0.03 0.01   2.50 0.00   0 0.00     0.00   

 
- - -   - - 

  Western Unit 2 0.02 0.02   1.25 0.00   3 1.88 2.86   13.3 10.4 

 
0 0.00         

E.B. Forsythe NWR                           

 
            

  ATT-Ditched 3 0.08 0.11   10.0 14.1   1 0.13     25.0   

 
1 0.22     43.3   

  ATT-OMWM 1 0.06     11.7     0 0.00     0.00   

 
0 0.00         

  Mullica-Ditched 0 0.00     0.00     - - -   - - 

 
- - -   - - 

  Mullica-Wilderness 3 1.92 2.15   25.0 26.5   - - -   - - 

 
- - -   - - 

Bombay Hook NWR                           

 
            

  Grid 1 0.33     2.50     3 4.90 5.27   11.7 7.64 

 
- - -   - - 

  OMWM 6 0.11 0.11   2.22 1.36   1 4.38     5.00   

 
1 4.33     13.3   

  Unaltered 4 0.12 0.08   4.06 4.83   3 1.10 1.09   6.67 2.89 

 
2 0.22 0.12   1.67 0.00 

Prime Hook NWR                           

 
            

  PMH 1 1 0.14     8.33     4 0.53 0.39   10.0 7.07 

 
11 0.68 1.04   3.33 2.85 

  PMH 4 2 0.03 0.02   2.50 1.18   2 0.03 0.00   5.00 0.00 

 
4 0.09 0.01   4.17 1.67 

Eastern Shore of VA NWR Complex   

  ESV North 1 4.86     19.0     2 2.40 3.04   15.0 7.07 

 
1 0.13     13.3   

  ESV South 0 0.00     0.00     1 0.03     5.00   

 
1 0.12     8.00   

  FI East 3 0.53 0.49   2.54 2.75   1 0.40     5.00   

 
- - -   - - 

  FI West 2 1.64 0.81   5.71 4.04   0 0.00     0.00   

 
- - -   - - 

All sites (mean) 4.48 0.47 0.79   9.55 14.0   2.65 1.07 2.26   17.0 17.1   3.19 0.87 1.77   11.1 12.4 
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Table 25. Correlation matrix among rapid and intensive vegetation cover metrics from 

measurements in Survey Plots in 2008.  R-values significant at P < 0.05 are in bold. 
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RA_Brack_Terr_Border -0.26 0.27 0.04 0.79 0.66 -0.02 0.04 0.80 0.66 

RA_Invasives -0.30 -0.03 0.32 0.47 0.92 -0.26 0.42 0.70 0.92 

RA_High_Marsh 0.42 0.63 0.15 -0.16 -0.20 0.58 0.04 -0.19 -0.20 

RA_Low_Marsh -0.31 -0.78 -0.19 -0.18 -0.29 -0.59 -0.10 -0.27 -0.29 

RA_Salt_Marsh_Terr_Border 0.25 -0.24 0.44 -0.11 0.00 -0.27 0.47 -0.04 0.00 

n 25 25 25 25 25 25 25 25 25 

  

Table 26. Correlation matrix among rapid and intensive vegetation cover metrics from 

measurements at the scale of MSUs in 2008.  R-values significant at P < 0.05 are in bold. 
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RA_Brack_Terr_Border -0.24 0.31 -0.11 0.78 -0.05 0.00 -0.12 0.28 -0.05 

RA_Invasives -0.15 0.31 -0.06 0.52 0.20 0.05 -0.05 0.71 0.20 

RA_High_Marsh 0.43 0.53 0.30 -0.15 0.22 0.40 0.32 0.03 0.22 

RA_Low_Marsh -0.33 -0.80 -0.21 -0.20 -0.13 -0.46 -0.24 -0.20 -0.13 

RA_Salt_Marsh_Terr_Border 0.23 -0.33 0.12 -0.12 -0.18 -0.37 0.20 0.16 -0.18 

n 23 23 23 22 23 23 23 23 23 

 

Table 27. Correlation matrix among rapid and intensive vegetation cover metrics from 

measurements at the scale of MSUs in 2009.  R-values significant at P < 0.05 are in bold. 
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RA_Brack_Terr_Border 0.00 -0.01 -0.05 0.24 0.84 -0.02 -0.09 0.95 0.84 

RA_Invasives 0.03 0.01 0.21 0.19 0.82 0.10 0.17 0.74 0.82 

RA_High_Marsh -0.13 0.50 -0.12 -0.56 -0.23 0.45 -0.12 -0.22 -0.23 

RA_Low_Marsh 0.21 -0.50 0.09 0.14 -0.15 -0.51 0.24 -0.08 -0.15 

RA_Salt_Marsh_Terr_Border 0.63 -0.21 0.28 -0.10 0.03 -0.10 0.53 0.17 0.03 

n 21 21 21 21 21 21 21 21 21 
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 Nekton  

 Description of metrics 

Nekton metrics included mean values at the MSU level of total nekton density and 

species richness as derived from samples collected by ditch nets and throw traps.  Density, 

length, and abundance relative to total species composition of a key nekton species, Fundulus 

heteroclitus, were also included in the nekton metric set (Table 28).  It was difficult to 

standardize use of minnow traps due to heterogeneity among MSUs and refuges, and 

consequently results were highly variable. Therefore, minnow traps were abandoned as 

inappropriate for regional-scale applications and data were not included in metric comparisons.  

 Metric analysis 

In both 2008 and 2009, nekton density was strongly and positively correlated with 

Fundulus density (Table 29), reflecting the overall importance of Fundulus to abundance of 

marsh nekton. Nekton species richness was negatively correlated with the proportion of 

Fundulus in the samples, although the weaker correlation coefficient indicated the contribution 

of species beyond Fundulus to the nekton community. Therefore, abundance and composition 

metrics related to total nekton (nekton density, nekton species richness) were deemed necessary 

for evaluating nekton management objectives focused on maintaining the natural community, 

and these metrics were retained in favor of those related to the dominant species only. Fundulus 

length was not correlated with any abundance or diversity metrics, and thus was retained in the 

regional metric set as an indicator of nekton production.    

  

 

    Table 28.  Nekton metrics and corresponding definitions. 

Metric Definition 

Nekton_Density Nekton density (ind m
-2

) for throw traps and ditch nets  

Nekton_SpRich Nekton species richness for throw traps and ditch nets 

Fundulus_Density Fundulus heteroclitus density (ind m
-2

) for throw traps and ditch nets  

Fundulus_SpComp 
Fundulus heteroclitus as percentage of total species composition for 

throw traps and ditch nets 

Fundulus_Length Fundulus heteroclitus length (mm) for throw traps and ditch nets 
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Table 29. Correlations among nekton metrics measured using active sampling devices (throw traps and ditch nets) in  

2008 and 2009.  R-values significant at P < 0.05 are in bold. 
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Nekton_Density  1 0.41 0.84 -0.45 0.09 

 
Nekton_Density  1 0.27 0.82 -0.05 0.31 

Nekton_SpRich   1 0.31 -0.66 0.09 

 
Nekton_SpRich   1 -0.02 -0.52 0.15 

Fundulus_Density    1 -0.20 0.00 

 
Fundulus_Density    1 0.29 0.18 

Fundulus_SpComp     1 -0.05 

 
Fundulus_SpComp     1 0.07 

Fundulus_Length      1 

 
Fundulus_Length     

 

1 

n 21 21 21 21 21 

 
n 18 18 18 18 18 



41 

 

 

 Breeding birds  

 Description of metrics 

 Rapid monitoring metrics included abundance of Willets, abundance of tidal marsh 

obligate (TMO) species (all estimated using the ‘pcount’ function in R package “Unmarked”, 

Fiske et al. 2010), and a marsh bird community integrity (BCI) index based on that of DeLuca et 

al. 2004 (Table 30, see Appendix 8 for details). Willets were selected as an indicator species 

because they occurred throughout the entire latitudinal range of the MSUs in the study. 

Abundance of TMO species was calculated as the sum of abundance estimates for the four 

primary tidal marsh obligate species occurring in the MSUs (Clapper Rail, Willet, Saltmarsh 

Sparrow, and Seaside Sparrow) at each survey point. 

  

Table 30.  Rapid and intensive metrics for marsh breeding birds and corresponding 

definitions. 

Method / Metric Definition 

Rapid   

  
TMO Abundance 

Sum of abundance of four primary tidal marsh obligate species (Clapper 

Rail, Willet, Saltmarsh Sparrow, Seaside Sparrow) at each survey point 

averaged across MSU 

 

Willet Abundance Abundance of Willets at each survey point averaged across MSU 

 
BCI Index Bird community integrity score at each survey point 

Intensive   

  Territory density Number of Seaside Sparrow territories per ha 

  Nest density Number of Seaside Sparrow nests per ha 

  Fledging density Number of Seaside Sparrow fledglings per ha 

  Daily nest survival Daily survival rate of Seaside Sparrow nests from time of first detection 

 

 The BCI index scores marsh bird species characteristics (e.g., nesting substrate) along a 

generalist (non-marsh nesting) to specialist (marsh ground nesting) gradient and sums the scores 

to develop a species-specific integrity score (BIspecies). We evaluated three characteristics: 

foraging habitat, nesting substrate, and conservation rank (Table 31). Conservation rank was 

evaluated to account for regional species conservation statuses and scores were assigned using 

the Priority Bird List of New England/Mid-Atlantic Coast Bird Conservation Region 30 (Atlantic 

Coast Joint Venture 2008).  The BIspecies of all species detected at a survey point were summed, 

then divided by the number of species detected at the point (Spoint) to obtain an average BIspecies 

for the survey point. 

 The derivation of the BCI index is described by Equation 1 using terms defined in Table 

32. To account for TMO bird species abundance at the survey point we multiplied the BCI by the 

expression (1 + ( MaxTMOpoint/



x  MaxTMOrefuge). We included the following species as tidal 

marsh obligates for the purposes calculating the BCI: Clapper Rail, Willet, Saltmarsh Sparrow, 

Nelson’s Sparrow, Seaside Sparrow, and Swamp Sparrow. The sum of the maximum count of 

TMO individuals (MaxTMOpoint) across all visits at a given survey point was divided by the 

average maximum count of TMO individuals (



x MaxTMOrefuge) across all survey points within 

the refuge where that survey point was located. The “survey-point driven” numerator was 

divided by the “refuge driven” denominator and multiplied by 100 to obtain the survey point’s 

final BCI score.  We multiplied the denominator by 2 so that final BCI scores ranged around a 
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reference score of 100 and could then be easily interpreted with a final BCI score of "100" 

indicating that the point has the same bird integrity as an average point at that refuge.  Scoring 

below "100" indicated the point's bird integrity is lower than the bird integrity of an average 

point at that refuge.  Scoring above "100" indicated the point's bird integrity is higher than the 

bird integrity of an average point at that refuge.  By calculating a BCI score for each survey point 

that directly relates to the refuge BCI, refuges and associated surveys points that are not naturally 

located within TMO species’ ranges are not penalized in the index.  Multiplying by 100 to obtain 

a percentage standardizes scores.  BCI scores of survey points sampled multiple years were 

averaged to estimate one BCI score for each point.     

 

Table 31. Bird species attributes (Poole & Gill 1999) and modified scoring criteria used to 

develop species-specific integrity scores (BIspecies ) for bird community integrity calculations 

(DeLuca et al. 2004).  

 Score 

 Generalist    Specialist 

Species Attribute 1 2 2.5 3 4 

Foraging habitat
 Habitat 

generalist 
 

Marsh 

facultative 
 Marsh obligate 

Nesting habitat 
Non-marsh 

nesting 
 

Marsh 

vegetation 
 

Marsh ground 

nesting 

Conservation rank Unranked  Moderate High (3.5) Highest 

 

Equation 1. Derivation of the Bird Community Integrity index. 
 Spoint  

BCI = [(   BIspecies / Spoint) * (1 + (MaxTMOpoint  / 



x MaxTMOrefuge)) ]  *  100 
  species=1 

 

 Srefuge 

 2*[(   BIspecies /Srefuge)] 
 species=1 
 

Table 32. Definitions of terms used to calculate the Bird Community Integrity score. 

Term Definition 

BIspecies The integrity score of an individual species detected at a survey point (see 

Appendix 8 Suppl. C for species scores) 

Spoint The number of species detected at a survey point 

Srefuge The number of species detected at a refuge 

MaxTMOpoint The maximum number of TMO individuals detected at a survey point 



x MaxTMOrefuge The average maximum number of TMO individuals detected at all survey 

points within a refuge 

 

“Edge” species were removed from BCI score calculations due to the likelihood that the 

species were in the proximity of the marsh, but not actually utilizing the marsh (U.S. EPA 2002).  

Detection of edge species was generally limited to a few records per species and species life his-

tory information was used to determine if a species could be considered an edge species or not. 

 Intensive monitoring metrics consisted of Seaside Sparrow territory density, nest density, 

fledging density, and daily nest survival rate. Territory density (number of territories per ha of 

marsh) for each plot was estimated by dividing the mean number of territories by plot size (Table 
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33). Nest density (number of nests per ha of marsh) was estimated by dividing the mean number 

of nests by plot size (Table 33). Final fledgling counts for each plot were used to calculate 

fledgling density (number of fledglings per ha of marsh; Table 33). Daily nest survival rate was 

based on nest monitoring records for each marsh unit by year. Plots were pooled into MSUs due 

to small nest sample sizes on some plots.  Daily nest survival rates were estimated in Program R 

using a logistic-exposure model (Shaffer 2004).  Unlike logistic regression models, the logistic-

exposure model allows for varying exposure periods from when nests are first detected and 

requires no assumptions about when a nest was lost. 

  

Table 33. Seaside Sparrow nesting summary table within study plots at Bombay Hook and 

Prime Hook National Wildlife Refuges, 2006 - 2009.  Plots were located in the following 

MSUs (listed in Table 8): Bombay Hook: GR1 - GR4 were located in GRID; OM1 - OM3 

were located in OMWM, UN1-UN4 were located in Unaltered.  Prime Hook: Plots 1 – 4 

and 11 – 16 were located in PMH 4; Plots 5 – 9 were located in PMH 1.  Plots 17 – 19 were 

located adjacent to the refuge in a ditched marsh owned by the Delaware Nature Society. 

Refuge Plot 
Plot Area 

(ha) 
Year Abundance 

Territory density 

(#territories/ha) 

Nest density 

(#nests/ha) 

Fledgling density 

(#fledglings/ha) 

Daily nest 

survival 

Bombay 

Hook 

GR1 2.25 

2008 16 3.11 4.44 1.78 0.93 

2009 10 1.33 3.11 0.44 0.88 

GR2 

 

2.25 

2008 15 2.22 5.33 5.33 0.93 

2009 8 1.33 1.33 0.44 0.88 

GR3 2.25 

2008 9 2.44 1.33 0.00 0.93 

2009 12 1.78 3.11 2.22 0.88 

GR4 2.25 

2008 8 2.22 1.78 4.44 0.93 

2009 12 2.44 1.33 0.00 0.88 

OM1 2.25 

2008 7 3.56 7.11 13.33 0.96 

2009 10 2.44 4.00 5.33 0.94 

OM2 2.25 

2008 6 1.78 5.33 5.78 0.96 

2009 6 2.00 2.67 5.33 0.94 

OM3 2.25 

2008 12 3.78 10.22 21.33 0.96 

2009 11 3.56 4.00 3.11 0.94 

UN1 2.25 

2008 9 1.78 4.89 10.67 0.96 

2009 10 2.67 2.67 4.00 0.95 

UN2 2.25 

2008 7 2.22 3.11 3.56 0.96 

2009 10 3.11 3.11 5.33 0.95 

UN3 2.25 

2008 15 3.11 1.78 4.00 0.96 

2009 10 2.22 1.78 4.44 0.95 

UN4 2.25 

2008 14 2.67 3.56 6.22 0.96 

2009 8 2.22 1.33 2.67 0.95 

Prime 

Hook 

PH01 2.25 

2006 4 NA 2.22 4.44 0.85 

2007 8 4.89 1.78 6.22 0.95 

2008 9 1.78 2.22 3.11 0.95 

2009 6 1.56 1.78 1.78 0.94 

PH02 2.25 

2006 9 2.67 3.11 6.22 0.97 

2007 11 4.00 3.56 6.67 0.90 

2008 9 1.56 2.22 3.56 0.95 

2009 6 2.22 0.00 0.00 0.72 

PH03 1.50 

2006 7 2.67 2.67 8.00 0.97 

2007 10 5.33 2.67 0.00 0.90 

2008 8 2.33 0.67 2.67 0.95 

2009 5 2.00 0.00 0.00 0.72 

PH04  2.25 

2006 0 1.78 0.44 0.00 0.01 

2007 3 0.89 0.00 0.00 NA 

2008 10 0.89 0.00 0.00 NA 

2009 9 1.56 0.44 1.33 1.00 
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Refuge Plot 
Plot Area 

(ha) 
Year Abundance 

Territory density 

(#territories/ha) 

Nest density 

(#nests/ha) 

Fledgling density 

(#fledglings/ha) 

Daily nest 

survival 

PH05 1.00 

2006 8 7.00 3.00 0.00 0.95 

2007 8 8.00 2.00 7.00 0.97 

2008 12 3.50 5.00 6.00 0.97 

2009 7 3.50 3.00 8.00 0.96 

PH06 2.25 

2006 9 4.44 5.78 7.11 0.95 

2007 11 5.78 3.56 6.22 0.97 

2008 12 2.44 7.56 12.00 0.97 

2009 11 2.89 3.11 3.56 0.96 

PH07 2.25 

2007 0 0.00 0.00 0.00 0.92 

2008 0 0.00 0.00 0.00 0.94 

2009 2 0.00 0.00 0.00 0.00 

PH08 2.25 

2007 0 0.00 0.00 0.00 0.92 

2008 4 0.67 0.44 0.00 0.94 

PH09 2.25 

2007 7 3.11 2.22 1.33 0.92 

2008 10 2.22 1.33 1.33 0.94 

2009 7 2.22 0.44 0.00 0.00 

PH11 1.50 

2007 5 1.33 0.00 0.00 NA 

2008 3 0.33 0.00 0.00 NA 

2009 4 1.00 0.00 0.00 1.00 

PH12 2.25 

2007 8 5.78 3.11 1.78 0.90 

2008 9 2.22 2.67 3.56 0.95 

2009 15 2.22 1.33 0.00 0.72 

PH13 2.25 

2007 5 2.67 2.22 2.67 0.95 

2008 8 2.67 1.78 2.22 0.95 

2009 6 0.89 0.44 0.00 0.94 

PH14 2.00 

2007 4 2.00 0.00 0.00 0.95 

2008 5 1.00 2.00 2.00 0.95 

2009 6 1.50 1.50 2.50 0.94 

PH15 1.00 

2007 5 5.00 2.00 0.00 0.95 

2008 10 4.00 6.00 4.00 0.95 

2009 8 4.50 4.00 7.00 0.94 

PH16 1.88 

2007 5 4.26 3.19 7.98 0.95 

2008 9 1.86 4.79 7.45 0.95 

2009 7 1.60 2.66 2.13 0.94 

PH17 2.25 

2007 13 6.67 3.56 8.00 0.95 

2008 17 3.33 4.89 9.78 0.97 

2009 14 2.89 4.89 8.89 0.96 

PH18 2.25 

2007 14 4.44 6.67 13.33 0.95 

2008 17 2.44 7.11 11.56 0.97 

2009 19 2.67 6.67 10.22 0.96 

PH19 1.00 

2007 10 10.00 6.00 8.00 0.95 

2008 12 4.50 8.00 7.00 0.95 

2009 15 6.00 3.00 4.00 0.94 

PH20 

 2007 10 3.11 1.78 4.44 0.95 

2.25 

2008 17 2.67 3.56 9.33 0.97 

2009 12 2.67 1.78 0.89 0.96 

 Metric analysis 

There were significant, positive correlations (r > 0.45) between all three rapid breeding 

bird metrics in both 2008 and 2009 (Table 34). The correlation between the BCI Index and TMO 

abundance was strong each year. Although the BCI was refuge-specific so that refuges were not 

penalized for the absence of an obligate bird species whose natural range is more southerly, 

given the complex calculations required for deriving the BCI Index, this metric was eliminated in 

favor of the much simpler TMO abundance. Even though TMO abundance and Willet abundance 

were significantly correlated during our study they were both retained in the regional metric list 
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given high interest in avian use of refuge habitats; the data for these metrics are gathered 

concurrently and thus retention of both metrics represents no additional monitoring effort, while 

providing information on: 1) a group of birds that use the salt marsh for all life cycle stages 

(TMO species); and 2) the one obligate bird species whose range covers FWS Region 5 (Willet). 

We used linear regression to compare intensive bird metrics to Seaside Sparrow 

abundance estimates for each plot to determine if there was a relationship between the rapid 

(call-broadcast) and intensive sampling techniques (Zar 1999). Seaside Sparrow abundance was 

significantly correlated with three of the four dependent variables tested (Figure 7). Abundance 

explained a significant proportion of variance in territory density (R
2
 = 0.14, β = 0.38, P <0.001), 

nest density (R
2
 = 0.36, β = 0.60, P <0.001), and fledgling density (R

2
 = 0.24, β = 0.49, P 

<0.001). However, Seaside Sparrow abundance did not explain a significant proportion of 

variance in daily nest survival (R
2
 = 0.01, β = 0.08, P = 0.537). 

Positive relationships existed between the rapid metric abundance and the intensive avian 

metrics nest density, fledgling density, and territory density (in decreasing order of correlation). 

These relationships support the use of Seaside Sparrow abundance as an index of Seaside 

Sparrow productivity and show how a rapid metric can be used to infer information regarding 

intensive measurements of productivity. Furthermore, financial constraints of monitoring pro-

grams can be alleviated by training technicians and volunteers in point-count and call-broadcast 

survey methodology to monitor abundance, and simultaneously, an index of breeding product-

ivity. These survey methods are cost-effective, allowing funds to be freed up that would have 

otherwise supported costly, time-consuming intensive sampling methods (i.e., territory mapping, 

nest searching/monitoring, and analysis). Based on the results and the added financial benefit to 

monitoring programs, intensive metrics were eliminated from the potential monitoring metrics. 

Seaside Sparrow abundance was not considered for the list of monitoring metrics because 

high sparrow densities are limited to the southern portion of FWS Region 5; TMO abundance 

was kept as a metric in lieu of Seaside Sparrow abundance, as TMO abundance captures Seaside 

Sparrow abundance. However, Seaside Sparrows were used as the study species to test the 

relationships between rapid and intensive avian monitoring techniques because they are highly 

visible, vocal passerines dependent on salt marshes for all life cycle stages (Post & Greenlaw 

2009), and could provide the largest sample size of any tidal marsh obligate species. 

Additionally, these sparrows are usually found occupying the lowest, wettest, and muddiest parts 

of Smooth Cordgrass (Spartina alterniflora)-dominated marsh in tidal marshes along the Atlantic 

and Gulf coasts, and are often considered an indicator of coastal marsh integrity due to these 

specific habitat requirements (Post & Greenlaw 2009). 

 

Table 34. Correlation matrices for rapid bird metrics in 2008 and 2009. R-values  

significant at P < 0.05 shown in bold. 
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Figure 7. Linear regressions of Seaside Sparrow intensive metrics (territory density, nest 

density, daily nest survival rate, and fledgling density) vs. the rapid metric (abundance). 

 

 Final list of metrics recommended for monitoring NWRS salt marsh integrity  

 

Based upon regional testing during 2008 and 2009, we recommend the following suite of 

metrics for monitoring salt marsh integrity on NWRS salt marshes in FWS Region 5 (Table 35). 

These metrics can be used reliably to quantify attributes associated with management decisions 

on NWR salt marshes as described in the introductory sections of this report. Metrics describing 

the historical condition, geomorphic setting, and broad landscape features of the MSUs can be 

assessed using existing GIS databases in an office setting. Our results support use of rapid 
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methods to assess the majority of field metrics (metrics associated with marsh surface elevation, 

tidal range, groundwater level, salinity, vegetation, invasive species, and breeding birds). Only 

metrics used to describe the nekton community must be measured using intensive methods. The 

measured values of all final metrics in 2008 and 2009 are summarized at the MSU level in 

Appendix 9. 

The length of time required for sampling field metrics will vary among refuges and MSUs. 

The average field time required per unit sampled at Prime Hook NWR in 2008 is shown in Table 

36. These estimates offer a starting point to estimate the field time required at an individual re-

fuge. The total time per refuge will depend on the number of units visited, the number of samples 

collected per unit, the transit time between sampling stations, and local sampling logistics. 

The metrics in Table 35 were identified by applying SDM to NWR management decisions 

involving multiple conservation and management objectives. Within this SDM framework, each 

metric is associated with a specific management objective and is used to assess marsh condition 

and evaluate management alternatives with respect to that management objective. MAUT is then 

applied to first transform multiple metrics to a common scale, and then combine them into a 

single performance score for each management alternative. This integration of multiple marsh 

attributes into a single score provides a clear basis for comparing management alternatives, and 

decisions based on such comparisons encompass all of the objectives that were defined for NWR 

salt marshes. The metrics identified through this process are intended to be combined to assist 

NWR management decisions in this way. If budgetary or other constraints force a reduction in 

the scope of the monitoring program, then the decision analysis problem must be re-examined to 

identify which of the suite of objectives can be sacrificed as low priority. It is through reducing 

the number of objectives that metrics can be eliminated from implementation. 

However, these metrics could also be used to test diverse questions regarding potential 

differences among salt marshes or over time; e.g., one might be interested in whether the 

vegetation community differs between two marshes, or whether the nekton abundance of a marsh 

has increased following tidal restoration. Information on metric sampling variability gained 

during our 2008 and 2009 field tests can be used to estimate the sample sizes needed to detect a 

specified level of change with a known degree of certainty (statistical power) and probability of 

falsely concluding a change occurred (probability of committing a type I error, or α; Elzinga et 

al. 2001). We calculated the sample sizes required to detect differences between two means 

(Elzinga et al. 2001) for salinity, vegetation, and nekton field metrics, based on variability 

estimates within individual MSUs during each year of sampling. In general, the median sample 

sizes (across all MSUs and years; Table 37) to detect meaningful changes in habitat at a high 

degree of certainty were logistically feasible, as judged by comparison with the sampling effort 

expended during our field tests. For example, a median of five vegetation survey plots would be 

adequate to be 80% sure (power = 0.80) of detecting a difference (P< 0.05) in percent cover of 

high marsh, low marsh, and pannes/pools/creeks of 25% or less (Table 37). The same sampling 

effort would yield the ability to detect a difference (P< 0.05) in vegetation species richness of 

two species with 90% certainty (Table 37). This is within the range of vegetation survey plots 

sampled during this study (three to six plots; Appendix 2) and suggests that five to six plots be 

sampled routinely. Our analysis indicates a median of 18 to 24 samples would be required to 

detect differences in nekton density (P< 0.05) of 20 individuals/m
2
 with 80-90% certainty (Table 

37), which is similar to the range reported in the original nekton monitoring protocol upon which 

our methods are based (James-Pirri et al. 2012); this sampling intensity would yield the ability to 

detect differences in nekton species richness (P< 0.05) of one to two species and surface salinity  
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Table 35. Final list of metrics recommended for Monitoring NWRS Salt Marsh Integrity.  

Metric Definition 

Historical condition and geomorphic setting 

 

Landscape_position Landscape position: marine, middle-estuary, or upper-estuary 

 

Shape Marsh shape: expansive meadow or narrow fringing marsh 

 

Fill_frag Degree of fill/fragmentation: no, low, moderate, or severe 

 

Tidal_flushing Degree of tidal flushing: well flushed, moderately flushed, or poorly flushed 

 

Aquatic_edge Degree of aquatic edge: low, moderate,  or high amount 

Ditch density 

 

 

Ditch_density Ordinal ranking of ditch density: no, low, moderate, or severe 

Surrounding land-use 

 

 

Ag_relative % agricultural land in 150 m buffer  * (area of buffer/area of MSU) 

 

Natural_150m_relative % natural land in 150 m buffer  * (area of buffer/area of MSU) 

 

Natural_1km_relative % natural land in 1 km buffer  * (area of buffer/area of MSU) 

Ratio of open water area : vegetation area 

 

OW_Veg_withinUnit Ratio of open water to emergent herbaceous wetlands within MSU 

Marsh surface elevation 

 

 

Elevation Elevation referenced to NAVD88 

Tidal range/groundwater level 

 

 

%_flooded % of time marsh surface was flooded during datalogger deployment 

 

Mean_Flood_Depth Mean Flood Depth (cm) during datalogger deployment 

Salinity 

 

 

Rapid_Salinity (surface water) Salinity measured in surface water 

Vegetation community 

 

 

Rapid_Veg_SpRich Vegetation species richness using rapid point-intercept method in survey plots 

 

RA_Brack_Terr_Border % cover of Brackish Terrestrial Border community (rapid survey plot method) 

 

RA_Open_Water % cover of Open Water (rapid survey plot method) 

 

RA_Pannes_Pools_Creeks % cover of Pannes, Pools, & Creeks (rapid survey plot method) 

 

RA_High_Marsh % cover of High Marsh community (rapid survey plot method) 

 

RA_Low_Marsh % cover of Low Marsh community (rapid survey plot method) 

 

RA_Salt_Marsh_Terr_Border % cover of Salt Marsh Terrestrial Border community (rapid survey plot method) 

 

RA_Upland % cover of Upland community (rapid survey plot method) 

Invasive species abundance 

 

 

RA_Invasives % cover of Invasive Plant Species (rapid survey plot method) 

Nekton community 

 

 

Nekton_Density Nekton density (ind m
-2

) using throw traps and ditch nets  

 

Nekton_SpRich Nekton species richness using throw traps and ditch nets 

 

Fundulus_Length Fundulus heteroclitus length (mm) captured in throw traps and ditch nets 

Breeding bird community 

 

 

Willet_Abundance Abundance of Willets counted per point during standard call-broadcast surveys 

  
TMO_Abundance 

Summed abundance of tidal marsh obligate species per point during standard  

call-broadcast surveys: Clapper Rail, Willet, Saltmarsh Sparrow, Seaside Sparrow  
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Table 36.  Examples of average sampling times for recommended field metrics from Prime 

Hook NWR 2008. These times do not include selecting or ground truthing sampling 

locations and must be multiplied by the number of samples. 

 

Metric Field method 

Field time 

per unit* Unit 

Tidal range/groundwater level        

  %_flooded Continuous water-level logger 

installed in well on marsh platform 

4 hours One logger 

installation/retrieval   Mean_flood_depth 

Salinity 

  Rapid_Salinity Salinity of surface water from 

nekton sampling locations 

<5 min. One salinity sample 

Vegetation community & Invasive species abundance 

  Rapid_Veg_SpRich 10 point-intercept samples along 

one 100-m transect 

10 - 12 min. One 100-m transect 

  RA_Brack_Terr_Border Percent cover of community types 

within 100-m diameter survey plot 

10 min. One vegetation 

survey plot  
  RA_Invasives 

  RA_Open_Water 

  RA_Pannes_Pools_Creeks 

  RA_High_Marsh 

  RA_Low_Marsh 

  RA_Salt_Marsh_Terr_Border 

  RA_Upland 

Nekton community 

  Nekton_Density Throw trap or ditch net sample, 

includes deploying gear, counting 

all individuals captured by species, 

measuring length of 15 Fundulus 

Throw trap - 115 min. 

Ditch net - 205 min. 

(does not include 30-

min acclimation time 

prior to sampling) 

One nekton sample 

  Nekton_SpRich 

  Fundulus_Length 

Breeding bird community 

  Willet_Abundance Point counts & call back survey 172.5 min. One bird survey 

point (3 repetitions) 
  TMO_Abundance 

*Field times include establishing plots, setting up nets, etc. in addition to actual sampling 

 

 

(P < 0.05) of at least 5 ppt with the same degree of certainty (Table 37). We also ran monitoring 

simulations to estimate the power to detect differences in abundance of tidal marsh birds at 

whole-refuge levels, given the number of survey points sampled in this project and three visits to 

each point in a survey year. Detailed results of these simulations are described in Appendix 8. 

We found that for most species, the sampling effort associated with this project was adequate to 

detect major changes in abundance (50 - 60% total over 10 years; Table 8.8 - Table 8.13).
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Table 37. Estimated number of samples required to detect the specified difference in two means (minimum detectable change) 

for salt marsh field metrics (Elzinga et al. 2001). Values represent medians (first quartile, third quartile) of individual 

calculations across all MSUs sampled in 2008 and 2009.  N=number of MSU data sets; Power = probability of detecting a real 

change; α = probability of falsely concluding that a change occurred.  

 

Metric Units N 

Minimum 

detectable 

change 

Power 

0.80 

 

0.90 

α 

 

α 

0.05   0.10   0.05   0.10 

Rapid_Salinity (surface water) parts per thousand 38 3 31 (12, 67) 

 

24  (10, 53) 

 

42 (16, 90) 

 

34  (13, 73) 

   

5 11  (4, 24) 

 

9  (3, 19) 

 

15 (6, 32) 

 

12 (5, 26) 

Rapid_Veg_SpRich count 49 1 14 (5, 35) 

 

11 (4, 28) 

 

19 (7, 47) 

 

16 (6, 38) 

   

2 4 (1, 9) 

 

3 (1, 7) 

 

5 (2, 12) 

 

4 (1, 10) 

   

3 2 (1, 4) 

 

1 (1, 3) 

 

2 (1, 5) 

 

2 (1, 4) 

RA_High_Marsh percentage points 62 10 31 (17, 78) 

 

24 (13, 62) 

 

42 (23, 105) 

 

34 (18, 85) 

   

20 8 (4, 20) 

 

6 (3, 15) 

 

10 (6, 26) 

 

8 (5, 21) 

   

25 5 (3, 13) 

 

4 (2, 10) 

 

7 (4, 17) 

 

5 (3, 14) 

RA_Low_Marsh percentage points 62 10 12 (2, 97) 

 

9 (2, 76) 

 

16 (3, 129) 

 

13 (3, 105) 

   

20 3 (1, 24) 

 

2 (1, 19) 

 

4 (1, 32) 

 

3 (1, 26) 

   

25 2 (1, 15) 

 

2 (1, 12) 

 

3 (1, 21) 

 

2 (1, 17) 

RA_Pannes_Pools_Creeks percentage points 62 5 26 (4, 62) 

 

20 (3, 48) 

 

34 (6, 82) 

 

28 (5, 67) 

   

10 6 (1, 15) 

 

5 (1, 12) 

 

9 (1, 21) 

 

7 (1, 17) 

   

20 2 (1, 4) 

 

1 (1, 3) 

 

2 (1, 5) 

 

2 (1, 4) 

Nekton_Density individuals m
-2

 39 10 72 (16, 333) 

 

57 (12, 262) 

 

97 (21, 446) 

 

79 (17, 363) 

   

20 18 (4, 83) 

 

14 (3, 65) 

 

24 (5, 112) 

 

20 (4, 91) 

Nekton_SpRich count 39 1 20 (11, 33) 

 

16 (8, 26) 

 

27 (14, 44) 

 

22 (12, 36) 

   

2 5 (3, 8) 

 

4 (2, 6) 

 

7 (4, 11) 

 

6 (3, 9) 

      3 2 (1, 4)   2 (1, 3)   3 (2, 5)   2 (1, 4) 
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 Multivariate Analyses of Final Metrics Across Attributes  

 

We used Principal Component Analysis (PCA) to analyze the multivariate data set of 

biotic, physical, and structural metrics. Our goal was to examine the relationship between the 

MSUs and the 28 metrics we derived in our earlier analyses. Figure 8 is a PCA 2-D plot of the 33 

MSUs and the 28 metrics. There was low redundancy in the data since we had earlier examined 

data for colinearity and removed redundant data. The first two principal components explained a 

cumulative 28.5% of the variance in this set (Axis 1 – 16.3%, Axis 2 – 12.2%). Not surprisingly, 

there was strong similarity among marshes within individual refuges. Figure 9 is the same 

ordination diagram of 33 MSUs and 28 metrics with the MSUs classified within broad 

management categories. There is no clear signal of management type in the dataset. Figure 10 is 

the same ordination diagram of 33 MSUs and 28 metrics with arrows indicating the strength of 

the association between input metrics and the ordination axes. Axis 1 represents a gradient in 

values of natural land cover surrounding the marsh (both in the 150-m and 1-km buffer), with 

higher values of these variables to the left. Also, MSUs to the left tend to have greater amounts 

of aquatic edge and a more linear shape. MSUs at S. B. McKinney and Rhode Island Complex 

tend to meet these conditions. High scores on Axis 2 indicate high nekton density; high percent 

cover of pannes, pools, and creeks; and landscape position tending toward upper estuary 

(compared to mid-estuary or marine). 

 Figure 8. A PCA ordination of the 33 MSUs and 28 metrics coded by refuge and MSUs. 
Points are labeled with abbreviated MSU names. 
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Figure 9. A PCA ordination of the 33 MSUs and 28 metrics coded by management type. 

Points are labeled with abbreviated MSU names. 

 

We also divided the 28 metrics into two groups: a group representing physical, structural, 

and landscape forcing variables and a group representing biotic response variables (Table 38). 

Correlations among these two sets of metrics are contained in Table 39. The percent cover of 

high marsh vegetation community (RA_High_Marsh) and the ratio of open water to emergent 

marsh cover (OW_Veg_withinUnit) were correlated with the highest number of forcing 

variables. Only the overall shape of the marsh (variable “Shape”, representing whether the marsh 

was an expansive meadow or narrow fringing system) was not correlated with any of the 

response metrics. We then used PCA on the forcing variables alone to reduce the set of forcing 

variables and examine the relationship with the response variables. Five response metrics were 

significantly correlated with one of the forcing axes (Axis 1 or Axis 2), and these five response 

metrics were distributed among the attribute sets, with vegetation, nekton, and bird metrics all 

represented (Table 40). The first three principal component axes cumulatively explained 52% of 

the variance in this reduced data set (Axis 1: 24%, Axis 2: 15%, and Axis 3: 13%). The 

loadings of individual metrics on the forcing axes (Table 41) revealed Axis 1 to represent a 

gradient of disturbed habitat surrounding the marsh, whether the unit is a narrow fringing marsh 

and/or has a high degree of aquatic edge, and whether the marsh has extensive ditching.  Axis 2 

represented a gradient from marine to upper estuary marshes and the extent of panne, pool, and 

creek development in the marsh unit. Finally, Axis 3 represented a gradient of duration and depth 

of flooding of the marsh surface (Table 41). Thus for the marsh units we studied, surrounding 

land use, direct physical disturbance through ditching, and hydrology were the most important 

factors associated with patterns of biological response. 



53 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. An ordination diagram of 33 MSUs and 28 metrics. The length of the arrow 

indicates the strength of the association with metrics and the axes.  Arrows pointing in the 

direction of an axis (horizontal: Axis 1, vertical: Axis 2) are more highly correlated with 

that axis. Arrows are labeled with abbreviated metric names.  

 

Table 38. Metrics divided into biotic response variables and physical, structural, and 

landscape forcing variables. 

Biotic response metrics Physical, structural, and landscape forcing metrics 

Nekton_Density Landscape_position 

Nekton_SpRich Shape 

Fundulus_Length Fill_frag 

Rapid_Veg_SpRich Tidal_flushing 

RA_Brack_Terr_Border Aquatic_edge 

RA_Invasives Ditch_density 

RA_High_Marsh RA_Pannes_Pools_Creeks 

RA_Low_Marsh Ag_relative 

RA_Salt_Marsh_Terr_Border Natural_150m_relative 

RA_Upland Natural_1km_relative 

RA_Open_Water Rapid_Salinity 

Willet_Abundance Elevation 

TMO_Abundance %_flooded 

OW_Veg_withinUnit Mean_Flood_Depth 



54 

 

 

Table 39. Pearson correlation matrix of forcing metrics (columns) vs. biological metrics (rows). R-values with absolute values 

> 0.34 are statistically significant at P < 0.05. 
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OW_Veg_withinUnit -0.25 -0.13 0.77 -0.11 0.48 -0.37 -0.21 -0.28 -0.27 0.07 0.22 -0.22 0.44 0.52 

Nekton_Density 0.42 0.00 -0.01 0.17 0.04 0.21 -0.06 -0.01 -0.05 0.14 0.51 -0.11 0.05 -0.33 

Nekton_SpRich 0.05 -0.15 0.00 0.22 0.07 -0.37 0.08 -0.22 -0.15 0.53 0.08 -0.02 -0.18 0.09 

Fundulus_Length 0.41 -0.06 0.00 0.41 -0.06 -0.04 -0.13 -0.06 -0.09 0.22 0.26 0.31 -0.07 -0.19 

Rapid_Veg_SpRich -0.01 -0.33 -0.14 0.29 -0.52 -0.23 -0.20 -0.36 -0.32 -0.21 0.03 0.15 -0.17 0.00 

RA_Brack_Terr_Border -0.20 0.03 -0.11 -0.14 0.01 0.32 -0.19 -0.02 -0.12 -0.37 0.10 -0.28 -0.19 -0.09 

RA_Invasives -0.27 -0.07 -0.17 -0.06 -0.07 0.28 -0.20 -0.08 -0.09 -0.39 -0.05 -0.21 -0.10 -0.12 

RA_Open_Water -0.18 -0.20 0.27 0.09 -0.22 0.00 -0.14 -0.18 -0.19 -0.02 -0.18 0.07 -0.10 0.07 

RA_High_Marsh 0.33 0.31 -0.52 -0.08 -0.01 0.43 -0.02 0.41 0.35 -0.01 -0.14 0.48 -0.11 -0.54 

RA_Low_Marsh -0.33 -0.27 0.45 -0.01 0.10 -0.40 0.06 -0.32 -0.25 0.17 0.03 -0.22 0.21 0.40 

RA_Salt_Marsh_Terr_Border 0.13 -0.17 -0.02 0.08 -0.02 0.04 -0.04 -0.02 0.06 0.12 0.42 -0.16 0.06 -0.05 

RA_Upland -0.20 0.16 0.26 -0.15 0.36 -0.08 -0.15 -0.09 -0.10 -0.14 -0.05 -0.12 0.35 0.41 

Willet_Abundance 0.00 0.28 -0.04 -0.20 0.35 0.18 -0.35 0.37 0.24 -0.26 -0.10 0.16 0.02 -0.04 

TMO_Abundance 0.07 -0.12 -0.18 -0.08 0.25 0.21 0.00 0.05 0.07 0.05 0.02 -0.06 0.18 -0.30 
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Table 40. Correlations of response (biological) metrics with the  

first 3 Principal Components axes (PC 1-3) from a PCA of the 14  

forcing metrics, including percent of the variation in the data set  

explained by each axis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 41. Loadings on the first 3 axes of the PCA of 14 forcing  

metrics, including percent of the variation in the data set  

explained by each axis. 

Metric 

PC 1 

24% 

PC 2 

15% 

PC 3 

13% 

Landscape_position -0.15 -0.82 -0.16 

Shape -0.79 -0.14 0.28 

Fill_frag -0.003 0.27 -0.08 

Tidal_flushing 0.29 -0.66 0.34 

Aquatic_edge -0.61 0.12 0.02 

Ditch_density -0.71 -0.001 -0.36 

Ag_relative -0.08 -0.36 -0.38 

Natural_150m_relative -0.90 -0.06 0.23 

Natural_1km_relative -0.79 -0.10 0.28 

Rapid_Salinity 0.38 -0.28 0.40 

RA_Pannes_Pools_Creeks 0.18 -0.62 -0.05 

Elevation 0.34 0.20 0.35 

%_flooded 0.06 0.24 -0.73 

Mean_Flood_depth 0.04 0.39 0.62 

  

 

 

Metric 

PC 1 

24% 

PC 2 

15% 

PC 3 

13% 

OW_Veg_withinUnit 0.23 0.14 -0.03 

Nekton_Density -0.02 -0.47 -0.22 

Nekton_SpRich 0.28 -0.18 0.26 

Fundulus_Length 0.17 -0.40 0.10 

RA_Veg_SpRich 0.42 0.03 0.10 

RA_Brack_Terr_Border -0.11 0.13 -0.14 

RA_Invasives -0.04 0.20 -0.17 

RA_Open_Water 0.22 0.26 0.05 

RA_High_Marsh -0.36   -0.08 -0.03 

RA_Low_Marsh 0.29 0.15 0.02 

RA_Salt_Marsh_Terr_Border 0.05 -0.23 -0.09 

RA_Upland -0.13 0.20 0.07 

Willet_Abundance -0.37 0.20 0.06 

TMO_Abundance -0.11 -0.06 -0.27 
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 Bird versus Habitat Relationships  

 

We used linear regression to determine relationships with Willet and tidal marsh obligate 

abundance (estimated using the ‘pcount’ function in R Package “Unmarked”) and our biotic and 

abiotic metrics. Willet abundance was greater in marshes with more natural land cover within 

150 m of the marsh unit and in marshes with more high marsh vegetation cover (Figure 11, 

Figure 12). Willet abundance was negatively related to the amount of low marsh vegetation 

cover within the marsh unit (Figure 12). Tidal marshbird obligate abundance was greater in 

marsh units with more high marsh vegetation community cover and lower in marshes with higher 

flooding depth (Figure 13). 

Visual inspection of the regression plots shows some extreme responses that likely 

influenced the relationships between habitat predictors and avian response variables. The open 

water to vegetation ratio of Eastern Shore’s Fishermans Island East and Fishermans Island West 

was above 0.5, while the remaining MSUs were 0.2 or less (Figure 11, top panels). Two S. B. 

McKinney units, Grid Ditch 1 and Grid Ditch 2, had high relative natural land cover in the 150-

m and 1-km buffers (Figure 11, middle and bottom panels). S. B. McKinney’s OMWM unit had 

the third highest relative natural land cover in a 150-m buffer. Rhode Island Sachuest had the 

second highest relative natural land cover in a 1-km buffer, but near zero Willet abundance. 

Examination of avian responses to vegetation metrics (Figure 12) shows additional ex-

tremes among some MSUs. Eastern Shore South had a much higher percent cover of low marsh 

vegetation than all other MSUs (< 60% low marsh cover). The Eastern Shore’s North Unit, 

Fishermans Island East, Fishermans Island West, and S. B. McKinney Great Meadows Unit had 

the lowest percent cover of high marsh vegetation (< 25%). The highest percent cover of 

invasives was at 3 of the 4 Long Island units: Eastern South, Eastern North, and North.  These 

MSUs had over 20% invasives while all other MSUs across the study had less than 10%. 

Two MSUs showed extreme values for percent of time the marsh surface was flooded 

(metric “%_flooded”): Prime Hook Unit 4 and Eastern Shore’s Fishermans Island West were 

above 80% (Figure 13). Four MSUs showed extreme values for flooding depth:  Fishermans 

Island West, Fishermans Island East, Eastern Shore North, and Rachel Carson Upper Wells 

Reference all had flooding depths over 10 cm, whereas at the remaining MSUs it was ~6 cm or 

less. 
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Figure 11. Linear regressions of estimated Willet and tidal marsh obligate abundance with 

open water:vegetation, natural land cover (ha) within 150 m of the marsh unit, and natural 

land cover (ha) within 1 km of the marsh unit. Vertical axes are estimated abundance at all 

points surveyed within each marsh unit. Abundance estimates accounted for detection 

probability and were generated with the ‘pcount’ function in the R package “Unmarked”. 
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Low Marsh Vegetation (% cover) Low Marsh Vegetation (% cover) 

Beta = -0.14, P = 0.04, R
2
 = 0.12 

Willet Abundance Tidal Marsh Obligate Abundance 

Beta = 0.10, P = 0.05, R
2
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High Marsh Vegetation (% cover) High Marsh Vegetation (% cover) 

Beta = 0.11, P = 0.03, R
2
 = 0.13 

Figure 12. Linear regressions of estimated Willet and tidal marsh obligate abundance with 

low marsh vegetation (% cover), high marsh vegetation (% cover), and invasive plant 

species (% cover). Vertical axes are estimated abundance at all points surveyed within each 

marsh unit. Abundance estimates accounted for detection probability and were generated 

with the ‘pcount’ function in the R package “Unmarked”. 
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Figure 13. Linear regressions of estimated Willet and tidal marsh obligate abundance with 

salinity (ppt), extent of the marsh flooded (%), and flooding depth (cm). Vertical axes are 

estimated abundance at all points surveyed within each marsh unit. Abundance estimates 

accounted for detection probability and were generated with the ‘pcount’ function in the R 

package “Unmarked”. 
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Next Steps 
 

We used SDM to guide the selection of variables for monitoring the ecological integrity 

of NWRS salt marshes. This process involved identifying the overall goals of NWRS 

management decisions (fundamental objectives), decomposing these goals into means objectives 

that correspond to characteristics of salt marsh structure and function, and identifying 

measurable attributes for evaluating these means objectives. 

The measurable attributes we identified were too broadly defined to serve as operational 

monitoring variables, so we identified a set of potential methods (metrics) for measuring these 

attributes that encompassed wetland landscape features, geomorphic settings, hydrology, the 

vegetation community, nekton, and the avian community. In conjunction with FWS biologists, 

we evaluated these potential monitoring metrics over the course of a 2-year field project. The 

result of this evaluation was a reduced suite of monitoring metrics that targets NWRS 

management decisions and is practical to implement.  

Implementation of these metrics for quantitative assessments of salt marsh integrity in 

FWS Region 5 requires developing a sampling protocol, including the overall sampling design 

for the region, individual designs for each refuge, and standard operating procedures (SOPs) for 

sampling. SOPs can be drawn from the existing protocols that served as the basis for metric 

sampling during this study (see Appendices 2 – 7). Developing sampling designs involves first 

identifying the boundaries of the areas to be monitored (Elzinga et al. 2001). At some refuges the 

MSUs in this study included the entire salt marsh habitat within the refuge boundary. In these 

cases, the sampling frames used in this study could serve equally for long-term monitoring. At 

other refuges however, the MSUs represented only a fraction of the salt marsh within the refuge 

boundary, so new sampling frames would be necessary to encompass a greater proportion of 

refuge habitat. In all cases, information from this study on within- and between-site metric 

variability can guide decisions on numbers and placement of sampling units. Additionally, 

establishing effective data management, analysis, and reporting procedures will be key to long-

term success (Elzinga et al. 2001, Fancy et al. 2009).   

A critical next step is to incorporate the metrics and monitoring data into NWR 

management decisions. Management of individual refuge units often involves making tradeoffs 

among different management objectives. SDM provides a clear and transparent process to 

optimize management decisions. This optimization identifies the management action that best 

achieves the objectives within specified constraints, based on the relative importance of 

achieving different objectives, the range of alternative actions that are possible to achieve the 

objectives, and the expected outcome, in terms of evaluation criteria, of each potential action 

relative to the management objectives.  

  Within the SDM framework, MAUT offers a systematic approach for comparing 

alternative management actions that have strengths and weaknesses with regard to multiple 

objectives (Keeney & Raiffa 1993, Gregory et al. 2012). By normalizing attributes to a common 

“utility” scale, this provides the decision maker the ability to quantify the desirability of certain 

alternatives. This process involves: 1) identifying the most important means objectives; 2) 

assigning weights to these means objectives that reflect what refuge managers are trying to 

achieve and the probability of achieving it; 3) predicting the outcomes of each management 

action in terms of each objective and metric; 4) developing functions that relate utility, on a scale 

of 0 (lowest utility) to 1 (highest utility), to the range of values for each metric, so that metrics 

can be normalized to a common scale; 5) using these utility functions to convert the quantitative 
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predicted outcomes for each alternative relative to each objective to a common utility scale; 6) 

summing the weighted utilities within each management action across all objectives to derive the 

total management benefit (expressed in terms of utility) for each action; and 7) selecting the 

optimum set of management alternatives across all units at a given refuge to maximize the total 

management benefits within cost constraints. Such quantitative, multi-attribute value modeling 

thus integrates all of the evaluation metrics into the overall management benefit predicted for 

applying each potential management action to a given salt marsh unit; this then provides a basis 

for refuge managers to rank alternatives and select the optimum suite of management actions for 

that refuge. The outcome of management actions can then be monitored in terms of the identified 

metrics, and monitoring data can be incorporated into the models to improve the quantitative 

predictions associated with the management alternatives.  
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Appendix 1. Marsh Study Units Used in Metric Testing 
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B. Forsythe NWR in 2008 (left) and 2009 (right). 

 

Figure 1.17. Map of Barnegat marsh study unit and sampling points at E. B. Forsythe NWR in 

2008 (left) and 2009 (right). 
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Figure 1.18. Map of Mullica Ditched & Wilderness marsh study units and sampling points at E. 

B. Forsythe NWR in 2008 (left) and 2009 (right). 

 

Figure 1.19. Overview map of marsh study units at Wertheim NWR. 
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Figure 1.22. Map of Western marsh study unit and sampling points at Wertheim NWR in 2008 

(left) and 2009 (right). 

 

Figure 1.23. Overview map of marsh study units at S. B. McKinney NWR. 

 

Figure 1.24. Map of GMU marsh study unit and sampling points at S. B. McKinney NWR in 

2009. 

 

Figure 1.25. Map of OMWM and Grid Ditched 1, 2, & 3 marsh study units and sampling points 

at S. B. McKinney NWR in 2009. 

 

Figure 1.26. Overview map of marsh study units at Rhode Island NWR Complex. 

 

Figure 1.27. Overview map of Sachuest marsh study unit (left) and map of sampling points 

(right) at Rhode Island NWR Complex in 2009. 

 

Figure 1.28. Overview map of Chafee marsh study units at Rhode Island NWR Complex in 

2009. 

 

Figure 1.29. Map of Chafee South & Chafee Southeast marsh study units and sampling points at 

Rhode Island NWR Complex in 2009. 

 

Figure 1.30. Map of Chafee North marsh study unit and sampling points at Rhode Island NWR 

Complex in 2009. 

 

Figure 1.31. Overview map of marsh study units at Parker River NWR. 

 

Figure 1.32. Map of OMWM marsh study unit and sampling points at Parker River NWR in 

2008 (left) and 2009 (right). 

 

Figure 1.33. Map of Grape Island marsh study unit and sampling points at Parker River NWR in 

2008 (left) and 2009 (right). 

 

Figure 1.34. Map of Nelson’s Island (Mainland) marsh study unit and sampling points at Parker 

River NWR in 2008 (left) and 2009 (right). 
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Figure 1.35. Overview map of marsh study units at Rachel Carson NWR. 

 

Figure 1.36. Map of Little River Ditched marsh study unit and sampling points at Rachel Carson 

NWR in 2008. 

 

Figure 1.37. Map of Upper Wells Reference marsh study unit and sampling points at Rachel 

Carson NWR in 2008. 

 

Figure 1.38. Map of Upper Wells Tidal marsh study unit and sampling points at Rachel Carson 

NWR in 2008. 

 

Figure 1.39. Map of Lower Wells Reference marsh study unit and sampling points at Rachel 

Carson NWR in 2008. 

 

Figure 1.40. Map of Lower Wells Tidal marsh study unit and sampling points at Rachel Carson 

NWR in 2008. 

 

Figure 1.41. Map of Little River Ditched marsh study unit and sampling points at Rachel Carson 

NWR in 2009. 

 

Figure 1.42. Map of Upper Wells Reference marsh study unit and sampling points at Rachel 

Carson NWR in 2009. 

 

Figure 1.43. Map of Upper Wells Tidal marsh study unit and sampling points at Rachel Carson 

NWR in 2009. 

 

Figure 1.44. Map of Lower Wells Reference marsh study unit and sampling points at Rachel 

Carson NWR in 2009. 

 

Figure 1.45. Map of Lower Wells Tidal marsh study unit and sampling points at Rachel Carson 

NWR in 2009. 
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Figure 1.1. Location of National Wildlife Refuges in FWS Region 5 where metrics were 

tested in 2008 and 2009.
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Figure 1.2. Overview map of marsh study units at Eastern Shore VA NWR.
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Figure 1.3. Map of ESV North & ESV South marsh study units and sampling points at Eastern Shore VA NWR Complex in 

2008. 
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Figure 1.4. Map of FI West & FI East marsh study units and sampling points at Eastern Shore VA NWR Complex in 2008. 
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Figure 1.5. Map of ESV North & ESV South marsh study units and sampling points at Eastern Shore VA NWR Complex in 

2009. 
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Figure 1.6. Map of FI West & FI East marsh study units and sampling points at Eastern Shore VA NWR Complex in 2009. 
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Figure 1.7. Overview map of marsh study units at Prime Hook NWR.
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Figure 1.8. Map of PMH 1 marsh study unit and sampling points at Prime Hook NWR in 2008. 
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Figure 1.9. Map of PMH 4 marsh study unit and sampling points at Prime Hook NWR in 2008. 
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Figure 1.10. Map of PMH 1 marsh study unit and sampling points at Prime Hook NWR in 2009. 
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Figure 1.11. Map of PMH 4 marsh study unit and sampling points at Prime Hook NWR in 2009. 
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Figure 1.12. Overview map of marsh study units at Bombay Hook NWR.
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Figure 1.13. Map of Unaltered & OMWM marsh study units and sampling points at Bombay Hook NWR in 2008 (left) and 2009 

(right).
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Figure 1.14. Map of Grid marsh study unit and sampling points at Bombay Hook NWR in 2008 (left) and 2009 (right). 
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Figure 1.15. Overview map of marsh study units at E. B. Forsythe NWR. 
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Figure 1.16. Map of ATT-OMWM & ATT-Ditched marsh study units and sampling points at E. B. Forsythe NWR in 2008 (left) 

and 2009 (right). 
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Figure 1.17. Map of Barnegat marsh study unit and sampling points at E. B. Forsythe NWR in 2008 (left) and 2009 (right). 
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Map of Mullica Ditched & Wilderness marshstudy units and sampling points at E. B. Forsythe NWR in 2008 (left) and 2009 

(right). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.18. Map of Mullica Ditched & Wilderness marsh study units and sampling points at E. B. Forsythe NWR in 2008 (left) 

and 2009 (right).
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Figure 1.19. Overview map of marsh study units at Wertheim NWR. 
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Figure 1.20. Map of Eastern North & Eastern South marsh study units and sampling points at Wertheim NWR in 2008 (left) 

and 2009 (right).
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Figure 1.21. Map of Northern marsh study unit and sampling points at Wertheim NWR in 2008 (left) and 2009 (right).
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Figure 1.22. Map of Western marsh study unit and sampling points at Wertheim NWR in 2008 (left) and 2009 (right).
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Figure 1.23. Overview map of marsh study units at S. B. McKinney NWR.
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Figure 1.24. Map of GMU marsh study unit and sampling points at S. B. McKinney NWR in 2009.
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Figure 1.25. Map of OMWM and Grid Ditched 1, 2, & 3 marsh study units and sampling points at S. B. McKinney NWR in 

2009.
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Figure 1.26. Overview map of marsh study units at Rhode Island NWR Complex. 
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Figure 1.27. Overview map of Sachuest marsh study unit (left) and map of sampling points (right) at Rhode Island NWR 

Complex in 2009. 
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Figure 1.28. Overview map of Chafee marsh study units at Rhode Island NWR Complex in 2009. 
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Figure 1.29. Map of Chafee South & Chafee Southeast marsh study units and sampling points at Rhode Island NWR Complex 

in 2009. 
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Figure 1.30. Map of Chafee North marsh study unit and sampling points at Rhode Island NWR Complex in 2009. 
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Figure 1.31. Overview map of marsh study units at Parker River NWR. 
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Figure 1.32. Map of OMWM marsh study unit and sampling points at Parker River NWR in 2008 (left) and 2009 (right).
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Figure 1.33. Map of Grape Island marsh study unit and sampling points at Parker River NWR in 2008 (left) and 2009 (right). 
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Figure 1.34. Map of Nelson’s Island (Mainland) marsh study unit and sampling points at Parker River NWR in 2008 (left) and 

2009 (right).
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Figure 1.35. Overview map of marsh study units at Rachel Carson NWR.
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Figure 1.36. Map of Little River Ditched marsh study unit and sampling points at Rachel Carson NWR in 2008.



105 

 

  

 

Figure 1.37. Map of Upper Wells Reference marsh study unit and sampling points at Rachel Carson NWR in 2008.
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Figure 1.38. Map of Upper Wells Tidal marsh study unit and sampling points at Rachel Carson NWR in 2008.
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Figure 1.39. Map of Lower Wells Reference marsh study unit and sampling points at Rachel Carson NWR in 2008.
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Figure 1.40. Map of Lower Wells Tidal marsh study unit and sampling points at Rachel Carson NWR in 2008.
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Figure 1.41. Map of Little River Ditched marsh study unit and sampling points at Rachel Carson NWR in 2009.
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Figure 1.42. Map of Upper Wells Reference marsh study unit and sampling points at Rachel Carson NWR in 2009. 
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Figure 1.43. Map of Upper Wells Tidal marsh study unit and sampling points at Rachel Carson NWR in 2009.
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Figure 1.44. Map of Lower Wells Reference marsh study unit and sampling points at Rachel Carson NWR in 2009.
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Figure 1.45. Map of Lower Wells Tidal marsh study unit and sampling points at Rachel Carson NWR in 2009.
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Appendix 2. Vegetation Monitoring in Salt Marshes Using Rapid Assessment Methods  

 

Adapted from: 

Carullo, M., Carlisle, B. K., & Smith, J. P. (2007). A New England rapid assessment method for 

assessing condition of estuarine marshes: A Boston Harbor, Cape Cod and Islands pilot study. 

Boston: Massachusetts Office of Coastal Zone Management. 

 
Modified by: 

Hilary Neckles and Glenn Guntenspergen 

USGS, Patuxent Wildlife Research Center 

Date: June 2008; updated May 2009 

 

Introduction 

 

This protocol describes the methods used to sample salt marsh vegetation and associated cover 

types (e.g., water, bare ground, wrack or litter) using 100-m diameter Survey Plots. Within each 

plot, percent cover of plant community types is recorded and occurrence of individual species 

along a transect bisecting the plot is measured. In addition, land-use surrounding the Survey Plot 

is recorded. Survey Plots are positioned randomly within each marsh unit by selecting a subset of 

avian monitoring points. Vegetation surrounding avian monitoring points that are not selected as 

Vegetation Survey Plots is assessed using a portion of this protocol as described in the avian 

monitoring SOP. Vegetation is sampled once per year, near the end of the growing season.   

Sampling Locations 

 

Images of marsh study units showing all sampling locations, and files containing sampling 

coordinates, are available at:  http://gisdata.nrri.umn.edu/SaltMarsh/SaltMarsh     

(User name: saltmarsh   Password: Spartina).  

 

1.  Survey Points were selected at random from among the avian monitoring points according to 

the following allocation: 

Size of marsh  

study unit 

Number of  

Survey Points 

0 to 25 hectares 3 

>25 to 75 hectares 4 

> 75 to 125 hectares 5 

> 125 hectares 6 

 

2.  Each Survey Point is buffered with two circles, one of 50 m radius and another of 150 m 

radius (see Figure 2.1). This creates the 100-m diameter Survey Plot with the Survey Point at its 

center, and the 100m wide buffer around the survey plot (i.e., the “donut” surrounding the plot). 

3.  At each Survey Point, a 100-m transect is established that bisects the Survey Plot, running 

from one side of the 50-m radius circle to the other through the center Survey Point. The line 

should be oriented so that it runs perpendicular to the bank of the nearest creek or water feature 

and the upland edge (see Figure 2.1).   

http://gisdata.nrri.umn.edu/SaltMarsh/SaltMarsh
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Figure  2.1. Example of GIS set-up: salt marsh unit, survey plots (P), land use buffers, transects (“T”). Compass bearings are 

associated with survey-plot transects and random transects.
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Sampling Method 

100-m diameter Survey Plot 

 

The area of interest is a 100-m diameter circle plot around the Survey Point. Assess the 

generalized plant communities and habitat types in the plot and sample species present along a 

transect bisecting the plot.  

 

1. Three GPS locations are provided for the Survey Plot: the center Survey Point and two 

Perimeter Points, on opposite sides of the plot. Mark one Perimeter Point with a temporary 

visible marker (flagging on vegetation or a surveyor’s flag). Create the 100-m transect by 

extending the measuring tape along the compass bearing from the Perimeter Point, through 

center Survey Point, to the other Perimeter Point on the opposite side of the Survey Plot. 

Examine the interior of the 100-m Survey Plot as you establish the transect. Mark the end of the 

transect. 

 

2.  Ten point-intercept locations will be used to survey the species present along the transect. To 

avoid backtracking, start measuring species at the end of the transect that is opposite the starting 

Perimeter Point. 

a. Divide the transect length by 9 to get the transect interval. For 100-m transects, survey 

locations will be at the following meters marks: 100, 89, 78, 67, 56, 45, 33, 22, 11, 0. 

b. Place the bayonet vertically at the first point-intercept location (which is the end of the 

transect).  

c. Record any species that touches the bayonet on the Survey Plot data sheet – Plant 

Species (Data Sheet A). Record the species only once, even if it contacts the bayonet 

more than once.  

d. At the next transect interval, repeat step c.  

 

3.  Establish the Survey Plot by extending the field tape 50 m from the Survey Point in multiple 

directions and marking perimeter points. 

 

4. Survey the entire 100-m circle plot by walking the perimeter and using your binoculars to scan 

inside. Try to get a good view of this circle plot while minimizing the disturbance of the 

vegetation. Look for the following plant communities and open water features (see descriptions 

on Data Sheet B): 

 Spartina alterniflora-dominated (“Low Marsh”)  

 Perennial turf grasses (“High Marsh”)  

 Salt Marsh Terrestrial Border  

 Brackish Terrestrial Border  

 Invasives  

 Pannes, Pools and Creeks  

 Open Water  

 Upland  

 



117 

 

  

6.  Using the cover class guide (Supplemental Information) and the table below, estimate the 

cover for each of the above communities. Fill in the cover class and note dominant species on the 

Survey Plot data sheet- Plant Communities and Habitats (Data Sheet B).  

 

Cover classes: 

+: Less than 1%     

1: 1% to 5% cover 

2: 6% to 10% cover 

3: 11% to 25% cover 

4: 26% to 50% cover 

5: 51% to 75% cover 

6: 76% to 100% cover 

100-m buffer around Survey Plot 

 

These data are intended to characterize the land use at the Survey Point, so that the condition 

data collected at the Survey Point is tied more closely to land use disturbances. Land use in the 

buffer zone of the Survey Point is classified into eight types:  

 Natural condition: Undisturbed natural area of buffer, including shrub, forest, meadow, 

wetlands, open water, etc.  

 Modified natural condition: managed marsh (e.g., OMWM, impoundment, tidally 

restricted) 

 Maintained open: Parks, golf courses, cemeteries, public green space, vacant 

undeveloped land, abandoned agriculture, power lines, areas of no vegetation, etc.  

 Disturbed open: Sand, gravel, and rock mining; landfills; etc.  

 Agricultural: Pasture, cropland, cranberry bogs, nurseries, etc.  

 Residential - Low: greater than ¼ acre lots 

 Residential - High: smaller than or equal to ¼ acre lots  

 Urban: Urban areas including commercial buildings, industrial parks, apartments, shopping 

centers/malls, airports, roads and highways, freight, storage and stadiums.  

 

Using the base map, look in a band approximately 100-m wide around the perimeter of the Survey 

Plot and examine the types of land uses present. Using the cover class guide (Supplemental 

Information) and values below, estimate the cover for each of the above land use types. If your base 

map has land use data, make sure what you see in the field corresponds and if necessary, override the 

mapped land use types with current information. On the Survey Plot data sheet – Communities and 

Habitats (Data Sheet B), mark the cover class for the extent of each land use type present.  

 

Cover classes: 

+: Less than 1%  

1: 1% to 5% cover 

2: 6% to 10% cover 

3: 11% to 25% cover 

4: 26% to 50% cover 

5: 51% to 75% cover 

6: 76% to 100% cover 
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Supplemental Information 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

(Diagram courtesy of M. J. James-Pirri)
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76% - 100% - These are all 85 % cover 

 

   

 

 

 

 

 

 

 

 

 

 
(Diagram courtesy of M. J. James-Pirri)
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Survey Plot– Plant Species                                      
Data Sheet A 

Date:___________________             Personnel:_____________________________ 

 

In the boxes below, please use a “P” to indicate if a species is present or an “A” to indicate that the 

species is absent from that sample location.  
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Survey Plot– Communities and Habitats
                              Data Sheet B 

Marsh Study Unit Name:________________ Survey Plot #_____________________ 

Center GPS Coordinates: Lat. or Northing________________   Long. or Easting________________ 

Date:_____________ Time:____________   Tide:_____________  Personnel:___________________ 

Cover classes: +(<1%)    1(1-5%)    2(6-10%)      3(11-25%)       4(26-50%)    5(51-75%)    6(76-100%)     

Communities and habitats in 100m diam. survey plot Cover class Dominant species 

S. alterniflora dominated (“low marsh”) 
 Regularly flooded by daily tides;  

 Strongly halophytic;  

 Dominated by tall form (75cm+) S. alterniflora 

  

Perennial turf grasses (“high marsh”) 
 Flooded by mean tide or greater;  

 Strongly to moderately halophytic;  

 Dominated by S. patens, D. spicata, J. gerardii  

 Includes areas of short form S. alterniflora as well as solitary forbs 

such as L. nashii, A. tenuifolius and T. maritimum 

  

Salt marsh terrestrial border 
 Infrequently flooded by spring and storm tides 

 Moderately halophytic;  

 Could include areas of higher elevation on marsh platform 

commonly islands or linear patches next to excavated ditches) 

 Most common: I. frutescens; S. sempervirens; P. virgatum; A. 

pungens  

  

Brackish terrestrial border 
 Rarely flooded by tides, but often tidal influenced fresh/brackish 

 Not halophytic but tolerant of maritime conditions (spray and 

infrequent pulses) 

 Could include fresher areas of high water table on marsh plain 

 Most common: T. angustifolia, S. robustus, S. pectinata  

 Could include native P. australis if properly identified  

  

Invasives 
 Invasives such as P. australis  and L. salicaria 

 Colonization and spread often result of disturbance 

  

Pannes, Pools and Creeks 
Channels, creeks, ditches, pannes and pools  

 
n/a 

Open Water 
Larger areas of water: bays, rivers, ponds 

 
n/a 

Upland 
Non-wetland areas of upland that fall into the 100m diameter circle; 

includes land uses of all types (e.g., natural and developed)  

 

n/a 

 
Land Use Type in Surrounding 100m Donut 

Category Cover Class Category Cover Class 

Natural condition   Residential – Low   

Modified natural   Residential – High   

Maintained open   Urban   

Disturbed open   Marina   

Agricultural       
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Appendix 3.  Vegetation Monitoring in Salt Marshes Using Intensive Methods  

 

Adapted from: 

Roman, C.T., M.J. James-Pirri, J. F. Heltshe. 2001. Monitoring salt marsh vegetation: A protocol for 

the long-term Coastal Ecosystem Monitoring Program at Cape Cod National Seashore. Coordinated 

by the USGS Patuxent Wildlife Research Center, Coastal Research Field Station at the University of 

Rhode Island. Narragansett, RI. 

 

And 

 

James-Pirri, M.J., C. T. Roman, and R.M. Erwin. 2002. Field Methods Manual: US Fish and 

Wildlife Service (Region 5) salt marsh study.  USGS Patuxent Wildlife Research Center and 

University of Rhode Island. http://www.gso.uri.edu/mjjp/publications-and-grant.html 

 

Modified by: 

Hilary Neckles, Glenn Guntenspergen, and Jessica Nagel 

USGS, Patuxent Wildlife Research Center 

Date: June 2008; Updated May 2009 

 

Introduction 

 

This protocol describes the methods used to sample salt marsh vegetation and associated cover types 

(e.g., water, bare ground, wrack or litter) using 1-m
2
 quadrats. Within each quadrat, species 

composition was recorded and the percent cover was estimated for each cover class.  In addition, 

height classes of species of concern (e.g,. invasive species) were recorded. Salt marsh vegetation was 

sampled once per year, near the end of the growing season. Quadrats were positioned randomly 

along transects that were distributed throughout the marsh units.  

 

Sampling Locations 

Within Entire Marsh Study Units (2008 and 2009) 

 

There are often distinct zones of salt marsh vegetation encountered from tidal creeks 

toward the upland border of salt marshes. At creek banks, the marsh is flooded twice daily by tidal 

action, commonly called the low marsh. Here, Spartina alterniflora usually dominates. With a 

progression landward, elevation of the marsh surface is increased and the marsh is flooded less 

frequently. This zone is referred to as the high marsh. Typical plants of the high marsh include S. 

patens, Distichlis spicata, short form S. alterniflora, and Juncus gerardii. At the upland border, there 

is often a zone of species that is less tolerant of flooding and high soil salinities, including Iva 

frutescens, Panicum virgatum, and Phragmites australis. Because of this distinct gradient of 

elevation and frequency of tidal flooding, and corresponding responses of vegetation to this gradient, 

a sufficient number of samples must be taken to ensure adequate representation in all vegetation 

zones. This was done differently in 2008 and 2009. 

 

In 2008, the Marsh Study Unit (MSU) was divided into sections and the total number of transects 

were then evenly divided among the sections and then randomly located within each section (Figure  

3.1). The systematic division of the area into sections with the random placement of transects within 
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each section and randomization of quadrats along each transect provides good interspersion of 

samples within the sample area. After dividing the marsh into sections, creek bank to upland 

transects were located randomly within each section. Transects were located in a random manner to 

reduce bias and support the application of inferential parametric statistics. 

 

 
Figure  3.1. Example of creek-bank to upland transect-placement within marsh study unit 

sections in 2008 (diagram excerpted from Roman et al. 2001). 

 

In 2009, the MSU was similarly divided into sections to distribute samples across the entire marsh. 

Transects, 100 m in length, were then allocated randomly within sections at a density of 

approximately 6 per 40 ha, by random selection of both the starting point and the direction (e.g., 

Figure  3.2). The systematic division of the area into sections with the random placement of transects 

within each section provides good interspersion of samples within the sample area. Random location 

of transects and quadrats reduces bias and supports the application of inferential parametric statistics. 
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Figure  3.2. Example of random placement of transects within marsh study unit sections (2009). Survey plots identified by “P”; random 

transects by “T”. Compass bearings are associated with survey-plot transects and random transects.  
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To avoid potential observer bias in transect placement, transect starting points (with GPS coordinates) 

and orientation were established on aerial photographs in advance of field sampling in 2008 and 2009. 

Images of MSUs showing all transects and files including transect coordinates are in Appendix 1. 

Transects began several meters inside the marsh so that all samples were representative of the marsh 

itself, not the upland border. Exact starting points were adjusted toward or away from the marsh edge in 

the field as needed. Transects were set up in the field using the fiberglass reel tape. Before “walking out” 

the transect, a landmark was chosen at the far end and direction established using a compass. This line 

was walked out with the reel tape, always staying to one side of the tape so as not to disturb the 

vegetation on the other side (where the quadrat sampling occurred). The compass was an invaluable tool 

in laying out straight transects, especially in wetlands with tall vegetation that blocks sight.  

 

In 2008, the total number of quadrats per MSU was divided as evenly as possible among transects. The 

number of sampling quadrats per transect varied depending upon the size, orientation, and homogeneity 

of the marsh study unit, but the number of transects and quadrats per transect combined to yield at least 

20 quadrats for the entire marsh unit (James-Pirri et al. 2007). Transects were divided into an 

appropriate number of segments, depending upon the number of quadrats needed per transect, and one 

quadrat was then sampled within each segment at a randomly determined location. In 2009, quadrats 

were distributed along transects in the field at a density of 1 quadrat per 20-m transect interval, resulting 

in five quadrats along each 100-m transect. Both years, a random number table was used to assign the 

location of each quadrat within each transect interval. For example, for a 100-m transect with 20-m 

transect intervals, if the random numbers are 1, 15, 20, 8, 13, then samples would be located at 1 m 

(0+1), 35 m (20+15), 60 m (40 + 20), 68 m (60 + 8), and 93 m (80+13) along the transect (Figure 3.3). 

The general segment length of 20 m should be recorded on the data sheet as “sample/quadrat interval,” 

because it is the average distance between samples for that wetland. Quadrats were offset 1 m to the 

right of the transect (when facing higher quadrat numbers) to prevent trampling of vegetation within the 

quadrat.  

 

 
Figure 3.3. Example of quadrat placement along vegetation transect. 

 

 

 

35 93 68 1 60 

20m 

segment 
20m 

segment 

20m 

segment 
20m 

segment 

20m 

segment 
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Within Survey Plots (2008 only) 

 

Sample locations were established along four 50-m transects that originated at the center of the Survey 

Plot.  Five sampling locations were selected per transect, for a total of 20 samples per Survey Plot, as 

follows:   

 The survey plot was divided into four 90-degree quadrants 

 A compass bearing was randomly selected in each quadrant by selecting a number between 0-9. 

The four transect compass-bearings equaled 0, 90, 180, and 270 + (random number)*10. 

 Each transect was divided into five 10-m segments. As with sampling along the entire-marsh 

transects, one quadrat is then sampled within each segment at a randomly determined location.  

 Quadrats were offset 1 m to the right of the transect when facing the perimeter of the Survey Plot 

to prevent trampling of the vegetation within the quadrat. 

 

Constructing the Quadrat Frame 

 

Quadrat frames were constructed of PVC. Thin-diameter PVC was cut into four 1-m segments. A single 

elbow was attached to one end of each 1-m piece by roughening the end and the inside of the elbow with 

sandpaper. Then, the roughened surfaces were cleaned, PVC glue applied, and one elbow affixed to the 

end of each segment. At each sampling location, the four pieces were assembled in the field to create the 

quadrat.  

Sampling Method 

 

On the Square-Meter Quadrats data sheet (Data Sheet C), record percent-cover estimates for each 

species found rooted within the quadrat space, including standing dead vegetation identifiable to 

species. Also record percent cover of the following major categories:  

 Water – permanent standing water in quadrats that are partly within a creek, ditch, marsh pool, or 

flooded panne 

 Large macroalgae identified by species – generally includes rockweeds (Fucus, Ascophyllum); 

microalgae (e.g., diatom mats) and fine filamentous macroalgae are not included, this cover is 

included in Bare, below. 

 Bare – includes mud, sand, microalgae mat, etc. These are areas that are not flooded with water 

and are devoid of living vascular plants or large macroalgae. 

 Wrack/Litter – Wrack is material that has floated into the plot, generally dead plant material. 

Litter is dead plant material that is highly decomposed and may or may not be attached. 

 Rock  

 

In order to allow for the imprecision of visual percent-cover estimates, the following cover classes 

should be used: 

 

+: Less than 1% (usually only 1 specimen in plot) 

1: 1% to 5% cover 

2: 6% to 10% cover 

3: 11% to 25% cover 

4: 26% to 50% cover 

5: 51% to 75% cover 

6: 76% to 100% cover 
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Estimate cover of species that lie only within the quadrat frame space. Note that it is possible for 

quadrats to have a total cover >100% for all species. Multiple observers (within or between marsh units) 

should calibrate their percent-cover estimates with each other to maintain consistency between different 

quadrats. 

 

Height classes of species of interest such as the common reed (Phragmites australis) should be 

measured within vegetation quadrats where it occurs and recorded on the Plant Height data sheet (Data 

Sheet D). For example, Phragmites height will indicate the vigor of the species and its response to 

changes in hydrology. Height of Phragmites should only be done after the plants in the quadrat have 

produced a seed head (thus if you are sampling before this has occurred it will require returning to the 

quadrat for height measurements later in the season). Height is measured to the tallest portion of the 

plant, such as the leaves (when stretched out over head) or the top of the seed head. 

 If there are 20 or fewer stems, classify all stems in the quadrat by height class. Record the 

number of stems falling into each height class. 

 If there are more than 20 stems in the quadrat, divide the quadrat into quarters and randomly 

select one quarter section of the quadrat. Classify all stems within the randomly selected quarter 

by height class and record the number of stems falling into each class.  

 

 
 

Reference 
 

James-Pirri, M.J., C.T. Roman, J. Heltshe. 2007. Power analysis to determine sample size for monitoring 

vegetation change in salt marsh habitats. Wetlands Ecology and Management 15:335-345. doi 

10.1007/s11273-007-9034-x 
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Square-Meter Quadrats - Percent Cover                                                       
Data Sheet C 

Date:_____________                                   Personnel:________________________________ 
 

Cover classes: +(<1%)    1(1-5%)    2(6-10%)      3(11-25%)       4(26-50%)    5(51-75%)    6(76-100%)     
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Plant Height Within Quadrats Data Sheet  - Invasive Species Only        
 Data Sheet D 

 

Date:_________________    Personnel:_______________________________ 
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Appendix 4.  Installation, Surveying, and Set Up of Continuous Water-Level Recorder 

 

Below are instructions for deploying Solinst® water level recorders. These are sealed (i.e., non-

vented) water-level loggers that measure absolute pressure; therefore, data must be corrected for 

barometric pressure to yield pressure due to water alone. Vented water-level loggers (e.g., In-

Situ® LevelTROLL loggers) compensate for atmospheric pressure and thus do not require 

concurrent monitoring of barometric pressure. However, they require a much larger and more 

visible structure to house the logger and considerable vigilance to maintain the vent lines.  

 

Supplies needed: 

1) Water level sensor – 3001 LT Levelogger Gold, M5/F15 (~$600) Records changes in 

pressure due to atmospheric and water level.  Also records water temperature. 

2) Barometric sensor – 3001 LT Barologger Gold, M1.5/F5 (~$500) Records changes in 

atmospheric pressure. Also records air temperature. (Figure 4.1). 

3) Slotted pipe – 2” PVC pipe with slots cut into it, plus end caps and fittings.  

Slotted pipe can be purchased from W. Lim Corporation 

(http://www.wlimproducts.com/ ). It comes in 5’ lengths. Price is ~$6.00/foot. 

4) Cable – Either heavy duty nylon cord or stainless steel cabling (fishing leader). 

5) 2” soil auger to drill a hole in the marsh for the slotted pipe. 

6) Surveying equipment (GPS or traditional) 

 

 

Figure 4.1. Solinst barologger. 

 

The water-level sensor goes in a well in the marsh and the barometric sensor is located on a post 

or tree far above the marsh surface (it should NOT go underwater).  These are sealed sensors 

with everything (Sensor/Battery/etc) encased in the sensor.  They are very easy to conceal in the 

marsh but data must be post-processed to remove atmospheric pressure from the readings.  

http://www.wlimproducts.com/products/5035/index.php
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Installation: 

In the lab prior to heading into the field: 

1) Water level well – Cut a piece of PVC pipe to length (~3-4’) and install caps at each end 

with PVC cement.  Make sure the top of the pipe has a cap that can unscrew to allow for 

access.   

2) Baro Sensor - Use a small piece of pipe (~1 ft) to make a housing for the barometric 

sensor. You may want to spray paint this pipe to make blend in to the surroundings after 

it is installed. 

3) At the top of the water level well, drill 2 small holes (~1/8”) about 1/2” apart with a drill 

(Figure 4.2). This is where the sensor cable will attach to the PVC pipe.  The sensor is 

attached by a cable or line to the pipe so that it returns to the exact same position each 

time it is removed for service.  The cable is run through these two holes (Figure 4.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         

Figure 4.2. Holes drilled into top of water level well (left). Cable 

threaded through holes at the top of the well (right). 

 

Field installation: 

1) Determine a representative elevation for the marsh in which to install the water level 

recorder. This may be determined by eye or previous survey information. 

2) Attach the cable or line to the water level slotted pipe. Adjust the length of the line and 

attach the other end to the sensor. Try to hang the sensor about ~1 foot from bottom of 

the pipe in case the pipe starts to fill in with sediment. Measure this distance from the 

point of connection to the sensor and record it in your data book (Distance to sensor). 

3) Push the pipe into the hole you created. To minimize visibility, keep the top of the pipe 

close to the marsh surface (~3-5” above the surface). You may need to use a small 

sledgehammer to knock it into the marsh and secure it. Be careful not to damage the pipe 

if you do this; hammering on a piece of wood placed on top of the pipe helps protect the 

pipe from damage. Record the distance from the point of connection of the cable to the 

marsh surface (Distance to Marsh).   
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4) If necessary, you can use additional posts to secure the well in place. In some sites this 

has not been needed since the pipe is very stable. In other areas we have driven wooden 

posts (or fiberglass poles) into the marsh next to the well and secured to it with hose 

clamps (Figure 4.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3. Well secured to an adjacent post. 

 

5) Once the well is installed, its elevation tied to NAVD88 should be obtained as well as the 

elevation of the marsh area surrounding the well. The NGS, in cooperation with 

professionals in Canada and Mexico, established the North American Vertical Datum 

(NAVD) 88 standard in the late 1980s. NAVD88 uses one base monument located at 

Father’s Point, Quebec Canada as Mean Sea Level (MSL). All other bench marks in 

North America are referenced to that one base monument for NAVD88 elevations. The 

NAVD88 datum is now the standard datum used by the surveying community. Static 

GPS, Kinematic GPS, Differential GPS, or traditional survey methods can be employed 

to obtain an elevation in the NAVD88 datum; for further information see 

http://www.ngs.noaa.gov/faq.shtml#Datums. 

 

6) Use any survey gear to obtain the surface elevation of the marsh tied to the NAVD88 

datum. We typically measure the surface at five locations within 10 m of the well. 

 

7) The NAVD88 elevation should also be obtained for the top of the well. Then you can use 

the distance from the top of the well to the bottom of the sensor to obtain the elevation of 

the sensor and correct the water level readings to the NAVD88 datum. Typically, 

accuracies of 1-2 cm can be obtained. Many tide gauges have also been surveyed to 

NAVD88. 

 

8) Install Barologger: Attach the sensor to the PVC housing with a line (Like the well).  

Find a suitable structure for the barologger and install it. Place the opening at the bottom 

and the cap at the top to try to minimize water getting into the housing (Figure 4.4). 



133 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4. Installation of a barologger housing on an existing post. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5. Field deployment of water-level and barometric-pressure loggers. 
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9) Full deployment of both loggers is shown in Figure 4.5. Program the loggers to record 

data every 15 minutes. These particular loggers can record 40000 readings until full 

(Date, Time, Wlevel, Temperature). A logger can record for 6 months at this sampling 

interval.  Note, however, that some models record only 25000 values until full. 

 

10)  Be sure to synchronize the times between the water-level logger and the barometric-

pressure logger. 



135 

 

 

Appendix 5. Groundwater Level and Soil Salinity Monitoring 

 
Protocol adapted from: 

James-Pirri, M.-J., C. T. Roman, and R. M. Erwin. 2002.  Field Methods Manual: US Fish and 

Wildlife Service (Region 5) salt marsh study. USGS Patuxent Wildlife Research Center and 

Graduate School of Oceanography, University of Rhode Island, Narragansett, RI. 

http://www.gso.uri.edu/mjjp/publications-and-grant.html 

 

Modified by: 

Hilary Neckles, Glenn Guntenspergen, and Jessica Nagel 

USGS, Patuxent Wildlife Research Center 

Date: June 2008; Updated May 2009 

 

Introduction 

 

The level of the groundwater table is measured in groundwater wells installed adjacent to 

vegetation plots. Soil salinity is measured in association with groundwater sampling using a soil 

probe. Groundwater level complements soil salinity as an indicator of soil drainage or degree of 

soil saturation.  Groundwater table level and salinity at the groundwater well are measured at 

least twice during the growing season.  

 

Groundwater Well Location 

 

Groundwater-level wells are installed adjacent to square-meter quadrat vegetation plots (Figure 

5.1). The proximity to vegetation plots provides information on groundwater table level in the 

same area where vegetation data are collected.  See Appendix 3, Vegetation Monitoring Using 

Intensive Methods, for locating sampling stations within marsh study units.  

 
Figure 5.1. Schematic showing location of groundwater well relative to vegetation plot 

(diagram excerpted from James-Pirri et al. 2002). 
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Installation & Fabrication of Groundwater Wells 

Materials  

 

 1.5 inch (4 cm) interior diameter, PVC (schedule 40) pipe (comes in 10 ft lengths and can be 

purchased at hardware stores) 

 Two PVC caps (rounded preferably) for each well that fit the PVC pipe 

 ¼ inch drill bit and drill 

 Meter sticks 

 Black permanent markers to mark well number on caps 

 Mallets to pound wells into the ground 

 Blocks of wood to place on well top when wells are pounded (prevents PVC from cracking) 

 GPS unit to locate beginning of transects 

 Meter tape (preferably 100 m long) 

 Random number table 

Groundwater Well Fabrication 

 

1) Cut PVC into 70-cm lengths (4 wells per 10 ft of pipe). 

 

2) Draw a line 10 cm from the top of the well. In the field, this line will serve as a guide for 

how deep the well should be installed. The well will be driven into the marsh up to this 

line. 

 

3) Drill ¼ inch holes in the belowground section of the well (along the 10–70 cm length of the 

well). Drill enough holes to allow water to percolate into the well (e.g., 4 rows lengthwise 

down the side of the well of five to 10 holes; Figure 5.2). The top of the well is the 0-10 cm 

section that has no drill holes; the bottom of the well is the section with the drill holes. To 

prevent surface water from entering the well the top 0-10 cm section of the well is left 

intact. 

 

4) Place a cap on the bottom of each well. Well bottoms should fit snugly, but do not need to 

be glued.  The remaining caps are for the top of the wells. 

 

5) Drill a ¼ inch hole in the center of the remaining top well caps. The cap is used to prevent 

rainwater from entering the well. A hole is drilled in the center of the top cap for venting. 

 

6) Well top caps are installed in the field.     
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Figure 5.2. Schematic of groundwater well deployed in marsh and  

guide to measurements taken in field. 

Installing Groundwater Table Wells 

 

1) Locate site for Intensive Vegetation Monitoring using 1-m
2
 quadrat (See Appendix 3) 

 

2) Place the groundwater well 1m away from the quadrat location in the direction of the 

transect (Figure 5.1) and pound the well into the marsh (Figure 5.2). 

 

3) Pound well until only 10 cm of well is above ground and all drill holes are below the marsh 

surface.  Use 10 cm mark on the well as a guide. 

 

4) Label top cap (cap with center drill hole) with the vegetation quadrat identification number. 

The well number will be the same as the adjacent vegetation quadrat number. 

 

5) Place top cap loosely on well top. Do not jam the cap onto the well top. These caps must be 

removed to measure the water table level. 

 

Groundwater Table Sampling 

Timing and Frequency of Groundwater Table Sampling 

 

 Groundwater table level should be measured within 2 hours of low tide when the marsh 

surface has drained of water. 

 Sampling should occur at least twice during the July-August habitat monitoring period. 
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 Note that salinity should be measured at the same time as groundwater level.  

Sampling Groundwater Table Level 

 

1) Record all station identification information on Soil Salinity and Groundwater Table Level 

data sheet (Data Sheet E). These are the same data fields that identify vegetation quadrat 

locations.  

 

2) Remove well cap and insert the meter stick into the well (0-mm end first) until the meter 

stick barely touches the water surface.  By peering into the well as the meter stick is 

lowered, you will be able to see the surface tension of the water break as the meter stick 

reaches the water surface.   

 

3) Record the measurement in cm from the top of the water to the top of the well 

(Measurement A in Figure 5.2). 

 

4) Record the height of the well from the marsh surface (Measurement B in Figure 5.2).  This 

measurement is important because the well could move from freezing/thawing, trampling, 

vandalism, etc.  

 

5) If the well is dry (i.e., no water in the well at all), record “dry” on the data sheet. 

 

6) If the marsh surface is flooded, write “surface” in column A, measure the depth of the 

water from the marsh surface to the water surface, and record this depth in the “Depth” 

column.  

 

7) Replace the top cap.  Be sure not to jam the cap onto the well top.  

 

8) Refresh the well label with permanent marker to ensure that it will be visible at the next 

sampling.  

 

Calculating Groundwater Table Level 

 

1) If the marsh surface was dry, then groundwater table level should be calculated in the 

spreadsheet as the height of the top of the well from the marsh surface [B in Figure 5.2] 

minus the distance of the top of the well to the water in the well [A in Figure 5.2].  

 

2) If the groundwater level is below the surface of the marsh, the resulting depth will be 

negative.  

 

3) If there is water on the surface of the marsh, the depth will be positive representing the 

depth of the water on the marsh surface.   

 

4) If the well is dry, a distance of -70 cm (the length of the groundwater well) should be 

recorded on the datasheet.  This represents the maximum distance below the marsh surface 

that water can be detected.  
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Materials for Soil Salinity Sampling 

 

 Soil sipper consisting of a syringe, flexible plastic tubing, & rigid plastic tubing (Figure 5.3) 

 

 PVC pipe or metal rod of similar diameter to the sipper for pre-drilling a hole if soil is firm 

 

 Hand-held refractometer 

 

 Filter paper (cut-up coffee filters can be used) 

 

 Plastic squeeze bottle with freshwater to rinse and calibrate refractometer 

 

 
 

Figure 5.3. Soil sipper consisting of a syringe, flexible plastic  

tubing, and rigid plastic tubing. 

 

Temporal Frequency of Soil Salinity Sampling 

 

This sampling occurs at least twice throughout the July-August habitat monitoring period. 

 

Sampling Soil Water Salinity in Association With Vegetation Quadrats – Intensive and 

Intensive-Plus Units 

 

1) Soil salinity should be measured at the same time as groundwater table level, within 2 

hours of low tide when surface is drained of water.  
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2) Calibrate (zero) hand-held salinity refractometer with fresh water (tap water is okay) before 

EACH field day. 

 

3) At a location near the vegetation quadrat well, carefully insert the soil salinity sipper 

(perforated end downward) 15 cm into the sediment (tape can be used to mark 15 cm).  

Sippers have a tendency to break if inserted too quickly into firm soil.  If the soil is 

particularly firm, you will need pre-drill a hole into the soil using a piece of PVC or metal 

of similar diameter to the sipper.   

 

4) Carefully withdraw the plunger on the plastic syringe to draw soil water into the syringe. 

 

5) If no water is drawn up at 15 cm, then insert the probe deeper (30 cm, then 45 cm) until soil 

water is drawn up into the syringe. If the sample is collected from deeper than 15 cm, 

record the depth that soil water was collected on the Square Meter Quadrat data sheet (Data 

Sheet C, same field as Salinity, e.g.,  ___/30). Record dry if no soil water was collected at 

45 cm. 

 

6) Once several milliliters of water have been withdrawn into the syringe, detach it from the 

probe. 

 

7) Place a piece of filter paper over the nozzle of the syringe. Depress the syringe plunger and 

let the water pass through the filter paper and onto the glass plate of the refractometer. 

 

8) Read and record this salinity data on the Soil Salinity and Groundwater Table Level data 

sheet (Data sheet E).  

 

9) Clean-up. Discard (never re-use) the filter paper. Using water from a nearby creek, rinse 

silt and sediment from the probe by drawing up water into the syringe. Discard all the water 

in the syringe and probe before sampling the next station. Rinse refractometer with 

freshwater.  

 

10) Check the probe frequently to make sure it is not clogged with fine sediment. The finer the 

sediment (e.g., mud, clay) the more likely the probe is to get clogged. 

 

11) It is possible to get hypersaline readings (above 30 ppt) during hot summer days, however 

be sure that the refractometer is calibrated prior to each sampling day. 
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Soil Salinity and Groundwater Table Level                      
Data Sheet E 

 

Date:_________________                       Personnel:_______________________________ 

* If water is below marsh surface indicate water table level with a negative sign in “Depth” column. If water is 

on the marsh surface, write “surface” in Column A, measure water depth and record depth with a positive sign in 

“Depth” column. If water is below marsh surface then water table depth will be negative. If water is on marsh 

surface then depth will be positive.  
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Appendix 6. Nekton Monitoring in Salt Marshes 

 
Protocol adapted from: 

James-Pirri, M. J., C. T. Roman, and E. L. Nicosia. 2012. Monitoring nekton in salt marshes: A 

protocol for the National Park Service’s long-term monitoring program, Northeast Coastal and 

Barrier Network. Natural Resource Report NPS/NCBN/NRR—2012/579. National Park Service, 

Fort Collins, Colorado. Available at http://www.nature.nps.gov/publications/NRPM/nrr.cfm. 

 

Modified by: 

Hilary Neckles, Glenn Guntenspergen, and Jessica Nagel 

USGS, Patuxent Wildlife Research Center 

Date: June 2008; Updated May 2009 

 

Introduction 

 

This protocol describes the methodology used to sample nekton (water-column fish and 

crustaceans) in shallow subtidal habitats (<1 m) within salt marshes (e.g., creeks, pools) and 

shallow subtidal habitats immediately adjacent to salt marshes. Species composition and 

abundance of nekton respond to environmental changes (e.g., sea level rise, nutrient loading, 

invasive species colonization). Monitoring nekton over time will help evaluate natural and 

human-induced changes in estuarine nekton in the long-term and will advance our understanding 

of the interactions between nekton and the dynamic estuarine environment. 

 

Nekton sampling is described using a passive technique (minnow traps) and two different active,  

techniques (throw traps or ditch nets). Throw traps are used for shallow water salt marsh creeks, 

pools, whereas ditch nets are used for sampling narrow mosquito ditches.  Sampling will occur in 

late summer (August). Nekton composition, and the density and length of individuals from each 

species are recorded at each station. Environmental parameters are collected concurrent with 

nekton sampling including temperature, salinity, water depth, and vegetation cover. 

 

Sampling Approaches 

Minnow Traps 

 

Minnow traps are cylindrical traps made of galvanized steel and can be used to sample nekton in 

a variety of salt marsh habitats, including pools and ditches.  The traps are easy to deploy, 

inexpensive, and are an effective means of collecting some nekton species.   

Throw Traps 

 

Throw traps should be used to sample salt marsh pools, larger tidal creeks, and shoreline areas of 

salt marshes. Pools should be at least 2 m2
 in surface area to sample, as it is difficult to precisely 

throw the trap (so the trap lands entirely within the pool) in smaller pools. Pools can be sampled 
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with a throw trap in as shallow as a few cm water depth. The specific location on the perimeter 

of a pool from where the trap will be thrown should be randomly located.   

Ditch Nets 

 

Ditch nets (James-Pirri et al. 2010) are used to sample grid ditches and smaller tidal creeks up to 

1m wide and between 1m deep in salt marshes.  Ditches should be at least 15 cm wide (to allow 

free passage of nekton through the net prior to triggering) and have between 10 cm and 1 m 

depth of water when sampled. The center body of the net lines the sides and bottom of 1 linear m 

approximately) of ditch. There are two doors on the open ends of the net, which when pulled, 

rise up to close off the ends of the net, enclosing an area of water that is 1 m long and as wide as 

the ditch.  The precise portion of ditch or creek sampled should be selected randomly.   

 

Marking Sampling Stations 

 

 Sampling stations should be located and marked in the field prior to sampling. The activity 

association with locating the precise location to be sampled could disturb nekton and thus 

bias any sample collected immediately.  

 

 Number each nekton station with a unique identifier.  

 

 Station locations should be clearly marked so that they can be re-located for sampling.  Oak 

stakes (1 m in length) are good markers, bio-degradable, and readily available from hardware 

stores. Station numbers should be indicated on the stake with a permanent marker. Colored 

flagging can be attached to the stakes to aid in locating the stations. 

 

 GPS coordinates of every station location should be recorded. After GPS coordinates are 

taken, and before sampling begins, it is helpful to plot a GIS map of the station locations to 

aid when sampling and to verify accuracy of station locations. 

 

Temporal Aspects of Sampling 

Diurnal Cycle 

 Nekton should be sampled during daylight hours, unless specific data concerning nighttime 

densities are required. 

Tidal Cycle 

 The timing of sampling depends on the tidal regime of the specific marsh and requires field 

reconnaissance to gather information on the flooding regime of the site, as sites will vary in 

the duration and amount of tidal flooding. 

 

 Nekton sampled from pools should be sampled when the water has drained off the surface of 

the marsh (low or ebbing tide or prior to flood tide). 
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 Nekton sampled from tidal creeks or ditches should be sampled when water has drained off 

the surface of the marsh, but when there is still enough water in the ditches and creeks to 

sample (more than 10 cm). 

 

 Nekton sampling using a throw trap should occur at all sites within a marsh unit as close to 

the same relative tide stage as possible. To accomplish this, we suggest sampling in seaward 

habitats first (where the marsh surface drains earliest), and then proceeding to landward areas 

following the tidal prism. This method ensures that samples are collected at similar water 

depths throughout the marsh, and is thus one way to control for the effects of tide stage. 

 

 Similarly, nekton sampling in ditches should occur at the same relative tide stage. Sampling 

salt marsh ditches should occur only after the marsh surface is drained of tidal water, but 

water still remains in the ditches. Sampling should occur on a high slack or ebb tide, when 

the marsh surface has drained. Timing the sampling for ditch nets is very critical, if the nets 

are set too late into an ebbing tide, the ditches will be drained before the nets are sampled. A 

thorough reconnaissance of the study site and its specific tidal regime should be well 

documented prior to ditch sampling. 

Time Frame for Completing a Sampling Event 

 All stations for a sampling event should be sampled within a 5-7 day period in late summer.  

 

Supplies and Equipment 

Marking Station Locations 

 

 Stakes or flags to mark station locations 

 

 Mallet to pound stakes into ground 

 

 Black permanent markers to mark transect and plot number on stakes 

 

 Colored flagging (optional) to tie to oak stakes 

 

 Compass 

 

 Random number table (to determine specific station location at each pond or ditch) 

 

 Aerial photos/map of study sites showing locations of pools, creeks, and ditches (if available)  

 Sampling in the Field 

 

 Appropriate trap type: minnow trap and oak stake for deployment, ditch net, or 1-m2
 throw 

trap and dip net, depending on your study site (see Supplemental Info. for construction) 

 

 A bucket for holding the nekton until or after it is enumerated and measured.  
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 Small ruler with mm increments (to measure nekton) 

 

 Small plastic hinged box, e.g., watercolor paint case, to hold nekton for measurement 

 

 Meter stick (to measure depth of water or ditch) 

 

 Map of transect locations 

 

 Data sheets copied onto waterproof paper and Clipboard 

 

 Pencils and permanent markers  

 

 Identification guide 

 

 Refractometer and thermometer for environmental measurements 

 

Personal Comfort and Safety Equipment in the Field 

 

 Drinking water 

 

 Sun protection: Hat, sunscreen, sunglasses 

 

 Bug repellent and/or mosquito head netting 

 

 Hip boots 

 

 Snacks or lunch if sampling is for entire day 

 

 Cellular phone or 2-way radio 

 

We suggest that field staff inform either the supervisor or someone on the Refuge staff of where 

they will be sampling, what they will be doing, and an anticipated time of completion, so that in 

the case of an emergency the appropriate authorities can be informed of the location of the 

sampling crew.  

 

Field Sampling Procedures 

Data to be Recorded at Each Station 

 

At each sampling station, regardless of the gear that is used, the following identifying 

information must be recorded on the data sheet (procedures for all follow). 

 

 Site: Name of marsh study unit. 

 

 Date: Date of sample collection (month, day, year). 
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 Station #: Station identification number. This should be a unique number for the sampling 

site. 

 

 Sampling Crew: The names of the people conducting the sampling. 

 

 Coordinates: The GPS coordinates of the sampling stations must be recorded. The preferred 

coordinate system is UTM, meters. 

 

 Habitat Type: The appropriate habitat type should be circled on the data sheet. 

 

 Aquatic vegetation: if present, species should be listed and percent cover circled (pools 

only). 

 

 Time: Time of day the station was sampled (deployed and retrieved for ditch nets). 

 

 Temperature: water temperature in ºC. 

 

 Salinity: salinity of water in ppt. 

 

 Water Depth: Depth of water in pool, creek, or ditch in cm. 

 

 Ditch Depth (ditch net only): Depth of ditch in cm. 

 

 Tide: The appropriate tidal stage (ebb or flood) at time of sampling should be circled. 

 

 Species: List each species that is collected. If common names are used in the field, the 

scientific names must be noted on the field data sheet as soon as possible to ensure accurate 

information is entered into the Access database. 

 

 Tally: A tally of the number of individuals of a species that were collected, including the 

measured ones. This can be short hand notation (i.e., +10, +12, +36, +2, +5, etc.), as long 

as the total number (see below) is filled in upon returning to the lab. 

 

 Total #: The total number of individuals of a species that were sampled. This can be filled 

in back in the laboratory if a calculator is required. 

 

 Length: The length (in mm) of 15 individuals of each species. 

Sampling Procedure for Throw Trap 

 

1) Samples are collected by approaching to within 4 to 5 m of a marked station with the 

throw trap.  Approach the station quietly so as not to not disturb or startle the nekton. 

Only the person throwing the throw trap should approach the station, all others should 

remain at a distance (>10 m) from the station to avoid startling the nekton. 
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2) Pool stations are approached by crouching low and walking over the marsh surface, then 

waiting at least two minutes before throwing the trap. 

 

3) There are two methods for throwing the throw trap depending on the physical ability of 

the person conducting the sampling. 

a. Method 1: The trap is thrown into the water by tossing it from the hip like a giant 

Frisbee (Figure 6.1). The trap is then quickly pushed into the sediment to prevent 

escape of nekton from under the trap. 

b.Method 2: Throw the trap overhead (Figure 6.2). This may be easier for those with 

less upper body strength. However, the distance covered by the trap is less using this 

method, and the sampler must stand closer to the station which is less desirable as 

nekton may be disturbed before the trap lands in the water. If using the overhead toss, 

you sneak quietly up to the pool edge and wait at least five minutes before throwing 

the trap. 

 

4) Repeat attempts (if the trap lands wrong) should be taken at least 30 min apart.  

 

5) Once the sample is secured, nekton is removed by the large dip net.  The net is slid 

downward into the trap, flush against the side of the trap nearest the researcher.  The net 

is then moved across the trap with the forward edge of the net always remaining flush or 

slightly below the sediment until the opposite side of the trap is reached.  In muddy 

sediments, the dip net often goes through a thin layer of surface sediment, capturing 

buried nekton.  The net is then moved upward out of the trap, again keeping the leading 

edge flush against the far wall of the trap.  

 

6) The dip net should be used from at least three sides of the trap because nekton may be 

hiding in the trap corners.  The dip-netting procedure is repeated until three consecutive 

dips do not capture any animals or if the first four dips come up empty. At this point the 

trap is considered empty.  

 

7) Nekton collected in the dip net are held for processing in a plastic bucket (see Processing 

the Sample).  

 

8) Ancillary environmental variables (water temperature, salinity, water depth) should be 

measured at the time of collection. 

 

9) The surface area sampled for the throw trap is 1 m2, therefore all density estimates for 

nekton sampled using a throw trap are number of nekton per m2.  
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Figure 6.1. Sampling technique for 1-m

2
 throw trap.  The trap is thrown  

like a Frisbee into the pond that is being sampled (photo courtesy of  

M. J. James-Pirri, excerpted from James-Pirri et al. 2012). 
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Figure 6.2. Overhead sampling technique for 1-m

2
 throw trap  

(photo courtesy of M. J. James-Pirri, excerpted from James-Pirri et al. 2012).  

Sampling Procedure for Ditch Nets 

Deploying ditch nets 

 

1) Nets are placed at the station locations in the ditches at least 30 min before sampling. 

This usually means that the nets are placed at flood or slack tide. 

 

2) To set up a ditch net requires 2 people, each standing on opposite sides of the ditch.  One 

person will take stakes labeled “A” and “B” and place the stakes into the bottom of the 

ditch close to the side of the ditch. The other person will take stakes labeled “C” and “D” 

and place them on the opposite side of the ditch. The net should be stretched tight 

between stakes “A” and “B” and stakes “C” and “D” so that approximately a 1m section 

of ditch is sampled. (Figure 6.3). 

 

3) The lines from the doors should be pulled to make sure that the lines are not fouled and 

that the doors will pull up smoothly and quickly. 

 

4) Push the doors and the center of the net down into the bottom of the ditch with the meter 

stick. Make sure that the net lays down on the bottom of the ditch, so that fish passage 

through the net is not impeded. 
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5) Measure the distance between all the stakes (e.g., “A” to “B”, “B” to “C”, “C” to “D”, 

and “D” to “A”) and the diagonal distance between stakes “A” and “C” and record these 

on the datasheet. These distances are measured when the net is deployed and are 

necessary to calculate the area of water (sum of two irregular triangles) that is sampled. 

Measurements should be taken as close to the water surface as possible since posts may 

not be exactly vertical. 

 

6) Lay the lines from the doors out on the marsh surface as far from the net as possible 

without pulling on the doors. 

 

7) Note the time that the net is deployed on the data sheet. 

 

 

Sampling ditch nets 

 

1) Ditch nets should not be sampled until they have been deployed for at least 30 min. This 

time period is necessary to minimize any disturbance to nekton caused by placing the net 

in the ditch. 

 

2) Ditch nets are sampled at high slack or ebb tide. 

 

3) Two people are required to pull the ditch nets.  Nets are quietly approached from opposite 

sides of the ditch, 1 person on each side. 

 

4) Upon reaching the lines from the doors, each person kneels and waits quietly for ~2 min. 

The lines to the doors should not be handled during this time, as the vibrations on the 

lines can be transmitted to the stakes and possibly disturb nekton that are in the net. Both 

people should then pick up the lines and prepare to pull. At a pre-determined signal both 

people should pull on the lines fast and evenly and run towards the net. The doors of the 

net will pull up, enclosing nekton within the net (Figure 6.3). 

 

5) The net is then quickly lifted out of the ditch and onto the marsh surface. The best way to 

do this is to have both people pull the stakes out simultaneously (while still maintaining 

pressure on the lines from the doors). 

 

6) All four stakes are then handed to one person who will lift the net out of the ditch and 

onto the marsh surface. It is important to quickly pull the stakes and net out of the ditch, 

since this creates a bag of netting in the center of the net where the fish are trapped. 

 

7) The net is then laid out on the marsh surface and the nekton are identified, counted, and 

measured (if numerous they can be scooped into a collecting bucket for processing).   

 

8) Record the collection time.  
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9) Ancillary environmental variables (water temperature, salinity, water depth, creek depth) 

should be measured at the time of collection. 

 

10) The surface area sampled from a ditch net is calculated from the sum of two irregular 

triangles. Figure 6.4 is an example of how this calculation is performed. 

 

11) Density estimates from ditch net sampling are presented as number of nekton per m2. 
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Figure 6.3. Photos of ditch net in the field showing correct deployment (top), doors being 

pulled up (middle), and the net once the doors have been pulled (bottom; photo courtesy of 

M. J. James-Pirri, excerpted from James-Pirri et al. 2010, 2012). 
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Figure 6.4. Example of calculations needed to estimate the surface area of water  

(diagram courtesy of M. J. James-Pirri, excerpted from James-Pirri et al. 2012). 
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Sampling Procedure for Minnow Traps 

 

1) From the edge of the pond, slowly lower the minnow trap into the water until it is 

completely submerged and rests on the bottom. 

 

2) Drive a stake into the marsh soil within a few feet of the minnow trap (in the vegetation 

adjacent to the pond is preferable).   

 

3) Secure the line connected to the trap to the stake, leaving some slack in the line.   

 

4) Allow the trap to soak for 4 hours in the pond.   

 

5) After 4 hours have passed, slowly approach the edge of the pond where the trap is 

located.  Quickly remove the trap and place on the marsh surface. 

 

6) Remove the contents of the trap and process as described below (see Processing the 

Sample). 

 

7) Ancillary environmental variables (water temperature, salinity, water depth) should be 

measured at the time of collection. 

 

8) Repeat Steps 1-7 for the remaining sampling stations in the study area. 

 

Processing the Sample (all sampler types) 

 

 In each sample, up to 15 individuals of every species are measured to the nearest mm for 

total length (from the tip of the snout to the tip of the caudal fin for fishes; from the tip of the 

rostrum to the tip of the telson for shrimp) or carapace width for crabs (the distance between 

the two furthest points across the carapace). 

 

 Nekton may be identified using any number of guides (see Manuals and Identification Keys 

below). 

 

 Once counted and identified, the nekton can be released to the pond. Individuals that are 

difficult to identify should be humanely sacrificed by a strong blow to the head, preserved in 

70% ethanol (ETOH), and returned to the laboratory for identification.  

 

Measuring Ancillary Environmental Variables 

Water temperature 

 Water temperature (to the nearest ºC) is measured at each sampling station at the time of 

sampling using a stick thermometer or temperature probe. 

 

 Temperature should be taken at mid-depth of the water column. 
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Salinity 

 Water salinity (to the nearest part per thousand, ppt) is measured at each sampling station at 

the time of sampling using either a refractometer or water quality probe. 

 

 Salinity should be taken at mid-depth of the water column. 

Water Depth 

 Water depth (cm) in the throw trap or ditch net or adjacent to the minnow trap is measured to 

the nearest cm using a meter stick. 

 

 The sides of the trap can be marked off in centimeters and readings taken directly from the 

trap. 

 

 The trap is often located on an uneven bottom, and thus, depth should be measured near each 

corner (at least three measurements should be recorded) of the trap to obtain an average 

depth value. 

Ditch Depth (ditch net only) 

 This measurement is useful in determining the flooding stage of the ditch. Depth of the ditch 

(from the marsh surface to the bottom of the ditch in) where the ditch net is deployed should 

be estimated using a meter stick to the nearest cm. 

 

 Water and creek depth for the ditch net are taken in the ditch after the net is removed from 

the ditch. 

Percent Vegetative Cover (if present) 

 If macroalgae, aquatic vegetation (e.g., Ruppia) or eelgrass are present within the throw 

trap, cover and species composition should be quantified. These data provide a measure 

of the complexity of habitat available to the estuarine nekton. Since aquatic vegetation is 

rarely present in ditches, this measure is not recorded for ditch data. 

 

 Prior to dip netting for nekton, the percent cover of each plant species should be visually 

estimated according to the following cover class categories  

 +: Less than 1% (usually only 1 specimen in plot) 

 1: 1% to 5% cover 

 2: 6% to 10% cover 

 3: 11% to 25% cover 

 4: 26% to 50% cover 

 5: 51% to 75% cover 

 6: 76% to 100% cover 

 

A cover class guide is included in the Supplemental Information. 



156 

 

 

Supplemental Information 

Throw Trap Fabrication 

Materials 

 

 Drill, drill bits, saw, pliers, metal shears to drill and cut aluminum frame and hardware 

cloth of throw trap 

 

 Eight, 1 m long by 2.5 cm aluminum bars 

 

 Four, 0.5 m long by 2.5 cm angle aluminum bars 

 

 Nuts, bolts and lock washers to attach aluminum bars to angle bars 

 

 3 mm hardware cloth (when reporting results from this method, investigators should cite a 

3-mm mesh size, the mesh size of the throw trap) 

 

 Thin gauge wire or cable ties to attach hardware cloth to aluminum frame 

 

 Nylon netting, 3-mm mesh, 4 m long by 0.5 m width (for skirt) 

 

 4 m of float cord (for skirt) 

Fabrication 

 

1) The throw trap measures 1 m wide x 0.5 m high. The bottom and top of the trap are open. 

 

2) Construct the frame of the throw trap by attaching the 0.5-m long 2.5-cm angle aluminum 

angle bars (forms the corners of the trap) to the 1-m long 2.5-cm straight aluminum bars 

(forms the sides of the trap) with nuts, bolts, and lock-washers. 

 

3) Once the frame is built, the four sides of the trap are surrounded by 3-mm mesh hardware 

cloth that is attached to the horizontal frame bars with thin gauge wire. 

 

4) Attach hardware cloth (with thin gauge wire or cable ties) to the 4 sides of the trap, 

leaving the top and bottom of the trap open. 

 

5) If water depths are expected to exceed 0.5 m, the height of the trap can be extended to 1 

m by attaching a skirt (3-mm mesh nylon netting) to the top of the trap. The skirt is 

equipped with float-cord along the top edge to ensure that the top of the skirt floats at the 

water’s surface. 
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Dip Net Fabrication 

Materials 

 

 The dip net is essentially a two-dimensional skimmer measuring 1 m x 0.5 m with a handle 

extending from one of the long edges 

 

 1.3 cm (1/2 in diam.) aluminum rod, approximately 4 m long for dip net frame 

 

 1-mm mesh nylon netting, 1.25 m X 0.75 m, for dip net  

 

 Steel or PVC pipe to strengthen dip net handle 

Fabrication 

 

1) Bend the aluminum rod into the shape of the dip net (1 m long by 0.5 m wide) with a 

0.5m handle. 

 

2) 0.5 m length of 2.5-5.0-cm diameter steel or PVC pipe can be fit over the aluminum rod 

handle of the dip net to strengthen the handle. 

 

3) Attach the 1-mm mesh nylon net to the dip net frame either with numerous small cable 

ties, or by sewing with twine or wire cable ties. Use of a 1-mm mesh dip net facilitates 

collection of all nekton within the 1-m2 frame.  

 

4) When reporting results from this method, investigators should cite a 3-mm mesh size, the 

mesh size of the hardware cloth. 

Ditch Net Construction 

Materials (for 1 net) 

 

 Staple gun and staples, hog ringer gun and C-ring fasteners 

 

 Nylon netting (24 lb test), 1/8-in (3-mm) mesh, at least 1 m deep. Each net takes 5 m of 

netting – a 1 m X 3 m section for the center of the net (sides & bottom) and two 1 m X 1 m 

sections the doors 

 

 20 m of nylon rope, 3/16 in (approx. 5-mm) diameter. Each net takes 20 m of line : four- 4-

m lengths for rip cords and four-1-m lengths for runner lines of the doors 

 

 5 m of leadcore line; 1 m for the top of each door (total 2 m) and 3 m for the floor of the 

net 

 

 eye-hooks with 2.5-cm eyes 

 

 4 oak stakes – 1.5 to 2 m long, 2.5-cm square 
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 Staple gun and 3/8 in stainless steel staples 

 

 D-ring hand pliers and 9/16 in C-ring fasteners 

 

 25 to 30 plastic rings, rubber O rings, or links from plastic chain approximately 2.5-cm 

diameter 

Ditch Net Fabrication 

 

1) Cut a 1 m by 3 m section of the nylon netting for the center of the net. 

 

2) Cut two-1 m by 1 m sections of nylon netting for the doors of the net. 

 

3) Attach the doors of the net to the center section. The doors should be centered on the 

main body of the net along the 3 m length (Fig. 6.5-top). To attach the doors take a 1-m 

length of leadcore line and wrap the nylon netting from the leading edge of the door and 

the center 1 m middle section of the net body around the leadcore and fasten the two 

pieces of nylon netting to the leadcore line with the D-ring pliers and 9/16 in C-ring 

fasteners. 

 

4) Attach 5 to 7 nylon rings or rubber O-rings to sides of the doors (side A in Fig. 6.5-top). 

Use the D-ring pliers to attach the rings to the nylon netting. The rings should be attached 

to the edge of the netting so the center of the ring is clear of the netting. The draw cord 

that pulls the doors up passes through these rings. 

 

5) Attach 3 to 5 plastic rings to the top of the door (side B in Figure 6.5-top). Use the D-ring 

pliers to attach the rings to the nylon netting. The rings should be attached to the edge of 

the netting so the center of the ring is clear of the netting. 

 

6) Attach a short length of lead core line to the top of each door (Figure 6.5-top, side B) 

using either cable ties or the D-ring pliers and C-ring fasteners. This is to weigh down the 

top of the net so it does not float up, and impede the passage of fish through the net. 

 

7) Attach a length (approximately 1 m) of leadcore line to the bottom center of the net 

(Figure 6.5-bottom) on the outside of the net using either cable ties or the D-ring pliers 

and C-ring fasteners. This is to weigh down the center of the net so it does not float up 

when placed in the ditch. 

 

8) Attach the net to the four oak stakes using a staple gun and stainless steel staples. 

 

9) The free edges of the net (Figure 6.5-top, side C, and Figure 6.5-bottom between points E 

and F) are stapled to the oak stakes. The portion of the net closest to the doors should be 

stapled starting at approximately 30 cm (1 ft) from the bottom of the stake, and continue 

up towards the top of the stake. Netting is not attached to the bottom 1 ft of the stake so 

that the stake can be pushed into the soil to hold the net in place while it is deployed. 
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10) The runner lines are attached next. The runner lines hold the plastic rings close to the 

stake, so when the door is pulled up the net remains close to the stake. 

 

11) Attach the bottom of runner lines to the interior of the stakes (on top of the stapled 

netting). The runner lines are approximately 1 m in length. The bottom of the runner line 

should be attached at the intersection of the doors and main body of the net. Tie a few 

knots in the end of the line and staple the line to the stakes using several staples close 

together on each side of the knot so the line will not pull loose. 

 

12) Pass the free end of the runner line through the 5 plastic rings that are attached to side A 

(Figure 6.5-top) of the door closest to the stake (Fig. 6.5-bottom, runner line (G) and 

plastic rings (H). The bottom most ring is added first, then the next ring, until all rings for 

that door side are on the runner line. The runner line is then pulled taut against the stake 

and the free end is stapled approximately 5 to 8 cm above the end of the net. After 

stapling, a knot should be tied in the free end of the line and stapled again on either side 

of the knot to ensure the runner line does not come loose. 

 

13) Attach the rip cord to the center ring on the top of the door, and pass the ripcord through 

one of the rings on the corner of the door. Then pass the rip cord through the top ring of 

the door that is attached to the runner line. Attach another rip cord to the same center 

ring, and pass it through the other corner ring, and the top ring on the other side of the 

door. When these lines are pulled, they will pull on the top rings attached to the doors, 

which in turn will pull the sides of the doors up the stakes to enclose the sides of the net. 

 

14) Attach the rip cords to the other side of the net as described above.  

 

15) Attach the eye-hook to the oak stake. When the net is held upright, with the 4 stakes 

sticking into the ground, the eye-hook should be placed on the outside of the stake. The 

free end of rip cord is passed through the eye-hook. When the rip is pulled the line should 

pass easily through the eye-hook, so the doors are pulled up smoothly. 

 

16) Label the stakes A, B, C, and D. Be sure to label each net exactly the same. The labels are 

used to set the net correctly in the ditch and to measure the distance between the stakes in 

order to determine the area of the water that the net was fishing (refer to data sheet). For 

example, stakes A and B are place on one side of the ditch and stakes C and D are place 

on the opposite side of the ditch. 

 

17) Test each net to be sure that the rip cords pull up the doors smoothly and quickly. 
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Figure 6.5. Schematic of ditch net showing dimensions of nylon netting and 

attachment points for plastic rings (top), and leadcore line, runner lines, and oak 

stakes (bottom; diagram courtesy of M. J. James-Pirri, excerpted from  

James-Pirri et al. 2012). 
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released to the same site where they were collected, or preserved in 70% ethanol (ETOH) after 

being humanely sacrificed. 
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Hartford, CT. ISBN# 0-942081-08-0. (DEP Maps and Publication Office, 79 Elm St., Hartford, 

CT 06106, 806-424-3555). 
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Websites: 

 

University of Wisconsin fish identification database: http://mendota.limnology.wisc.edu/fishid/ 

FishBase- A Global Information System on Fishes: http://www.fishbase.org/home.htm

http://mendota.limnology.wisc.edu/fishid/
http://www.fishbase.org/home.htm


163 

 

 

Percent Cover Guide 

 

 

 

(Diagram courtesy of M. J. James-Pirri) 
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76% - 100% - These are all 85 % cover 

 

   

 
 

(Diagram courtesy of M. J. James-Pirri)
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Throw Trap Data Sheet                                
Data Sheet F 

MARSH STUDY UNIT:___________________________   DATE:_______________________ 

 

STATION#___________________  SAMPLING CREW:_______________________________ 

 

Coordinates:  N:_________________________   E:____________________________________ 

 

Habitat Type:  Pool/Panne Tidal Creek Plugged Ditch   Open Ditch 

 

Aquatic Vegetation Species & cover (if present):______________________________________ 
Cover classes: +(<1%)    1(1-5%)    2(6-10%)      3(11-25%)       4(26-50%)    5(51-75%)    6(76-100%)     

 

  Water      Water   Tide: 

Time:______ temp
 o
C:______ Salinity ppt:______   Depth (cm):_______ Flood or Ebb 

 
NEKTON SPECIES & MEASUREMENTS 

 

SPECIES #1________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #2________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #3________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #4________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #5________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #6________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

(Data sheet courtesy of M.J. James-Pirri) 
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Ditch Net Data Sheet                                
Data Sheet G 

MARSH STUDY UNIT:___________________________   DATE:_______________________ 

STATION#___________________  SAMPLING CREW:_______________________________ 

Coordinates:  N:_________________________   E:____________________________________ 

 

Habitat Type:  Tidal Creek  Plugged Ditch   Open Ditch 

 

Deployment Time:________________ Collection Time:_____________________ 

 

Distance: A to B:____        B to C:_______ C to D:______ D to A:_______     Diagonal:______ 

 

Water      Water   Ditch  Tide: 

temp
 o
C:______ Salinity ppt:______   Depth (cm):_______ Depth:______ Flood or Ebb 

 
NEKTON SPECIES & MEASUREMENTS 

 

SPECIES #1________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #2________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #3________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #4________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #5________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #6________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

(Data sheet courtesy of M.J. James-Pirri) 
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Minnow Trap Data Sheet
 

MARSH STUDY UNIT:___________________________   DATE:_______________________ 

 

STATION#___________________  SAMPLING CREW:_______________________________ 

 

Coordinates:  N:_________________________   E:____________________________________ 

 

Habitat Type:  Pool/Panne Tidal Creek Plugged Ditch   Open Ditch 

 

Deployment Time:________________ Collection Time:_____________________ 

 

Water      Water    Tide: 

temp
 o
C:______ Salinity ppt:______   Depth (cm):_______  Flood or Ebb 

 
NEKTON SPECIES & MEASUREMENTS 

 

SPECIES #1________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #2________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #3________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #4________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #5________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

SPECIES #6________________________ Tally:_____________________________________ 

Total # of individuals:______________________ 

Length (15)____________________________________________________________________ 

 

(Data sheet courtesy of M.J. James-Pirri) 
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Appendix 7.  Summary of the Standardized North American Marsh Bird 
Monitoring Protocol 

 

From:  

Conway, C. J. 2008. Wildlife research report #2008-01. U.S. Geological Survey, Arizona 

Cooperative Fish and Wildlife Research Unit, Tucson, AZ. (see also Conway, C. J. 2011. 

Waterbirds 34: 319-346) 

 

Summarized by W. Gregory Shriver and Margaret A. Pepper, University of Delaware, 

Newark, DE, May 2008.   

 

Objectives:  

 

1. Determine distribution of marsh birds within an area. 

2. Estimate / compare density of marsh birds among management units, wetlands, or 

regions. 

3. Estimate population trend for marsh birds at local or regional scale. 

4. Evaluate incidental effects of management actions on marsh birds. 

5. Document habitat types / conditions that may influence marsh bird abundance or 

occupancy. 

 

Required Equipment: CD player, marsh bird CD, clip board, GPS, pencil, extra 

batteries & data sheet (attached) 

 

Survey Protocols: 

 At least three surveys should be conducted.  Repeat surveys should be conducted at 

least 10 days apart.     

 

 Marsh bird surveys should be conducted in the morning, 30 minutes before sunrise 

and end when birds cease calling. 

 

 Observers should stand 2 meters to one side of speakers to avoid detection 

interference. 

 

 Speakers should face the same direction, be positioned toward the center of the 

marsh, and should not to be moved during the survey.  Please note the direction of 

the speakers so that future observers can remain consistent. 

 

 Surveys should be conducted when wind speed is <20 km/hr (12 mph) and not 

during sustained rain or heavy fog.   

 

 Always conduct surveys in same chronology.   
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Data Sheet – Recording Survey Conditions 

 

 Enter start time for each survey and circle the tide and stage of tide. 

 

 Record how the survey was conducted, whether on foot, by canoe, airboat etc.  It is 

important to record type of boat used because it may affect vocalization probability. 

 

 Record Ambient temperature, background noise (see codes), wind speed (see 

Beaufort numbers), wind direction, and sky condition (see U.S. Weather Bureau 

codes). 

 

Background Noise Codes 

 

0 – no noise 

1 – faint noise 

2 – moderate noise (probably cannot hear birds beyond 100 m) 

3 – loud noise (probably cannot hear birds beyond 50 m) 

4 – intense noise (probably cannot hear birds beyond 25 m) 

 

Wind Speed Codes (use Beaufort Number on Data Sheet) 

Beaufort 

Number 
Wind speed indicators 

Wind Speed 

mph / kmph 

0 Smoke rises vertically < 1 / < 2 

1 

Wind direction shown by 

smoke drift 1-3 / 2-5 

2 

Wind felt on face; leaves 

rustle 4-7 / 6-12 

3 

Leaves, small twigs in 

constant motion; light flag 

extended 8-12 / 13-19 

4 

Raises dust and loose paper; 

small branches are moved 13-18 / 20-29 

5 

Small trees in leaf sway; 

crested waves lets on inland 

waters 19-24 / 30-38 

 

Sky Condition Codes – U.S. Weather Bureau Codes 

 

0 – Clear or a few clouds 

1 – Partly cloudy (scattered) or variable sky 

2 – Cloudy (broken) or overcast 

4 – Fog or smoke 

5 – Drizzle 

7 – Snow 

8 – Showers  



170 

 

 

Data Sheet – Recording Species 

 

 Every individual bird that is a primary species is recorded on a separate line.  Also 

record time of initial vocalization, when in the survey sequence (Before, Pass 1, 

BLRA, etc) it vocalized, type of vocalization, and distance of the individual from 

survey point based on initial vocalization.   

 

 Each time an individual is heard, record a “1” in the appropriate column (regardless 

of how many times it called during that period) and record an “s” in the column if 

the bird was seen.  If the individual is heard and seen then record “1s” in the column.  

If the individual is not detected in a time interval, then leave the column blank. 

 

 Record the number of secondary species (all birds using the marsh) during the 

survey.  Secondary species should be recorded in the designated columns.  Record 

the number of individuals seen within 50 m, 100 m, and >100 m from the survey 

point.  Type of vocalization does not need to be recorded for secondary species.   

 

Example: 

If a Virginia rail was heard 50 m away doing the kicker call during the BLRA call 

sequence, the observer would record VIRA in the Species column, a “1” in the BLRA 

column, “kicker” in the Call Type column, and “50” in the Distance column.  If the same 

individual calls during the CLRA vocalization and then flew, then record a “1s” in the 

CLRA column on the same line. If the bird called constantly throughout the survey, all 

columns would have a “1”.  If an unknown species is detected, write unknown in the 

Species column and take notes regarding the vocalization. If too many individuals of a 

species are calling at once, estimate and note the number as an estimate in the Comments 

column. Record any ancillary information that may have influenced bird detection in the 

Comments column. 

 

Primary Species and 4 letter AOU codes  

(AOU alpha codes listed at http://www.pwrc.usgs.gov/bbl/MANUAL/speclist.cfm) 

 

Each individual of the following species gets recorded on a separate line on the data sheet  

 

SORA - Sora 

VIRA - Virginia Rail 

CLRA - Clapper Rail 

KIRA - King Rail 

BLRA - Black Rail 

YERA - Yellow Rail 

AMCO - American Coot 

COMO - Common Moorhen 

PUGA - Purple Gallinule 

LIMP - Limpkin 

PBGR - Pied-billed Grebe 

AMBI - American Bittern 
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LEBI - Least Bittern 

 

Selected Secondary Species (this is not a comprehensive list, please record all species 

using marsh during the survey) 

 

LEGR - Least Grebe  

EAGR - Eared Grebe  

GRHE - Green Heron  

GBHE - Great Blue Heron 

GLIB - Glossy Ibis 

WFIB - White-faced Ibis 

WHIB - White Ibis 

NOHA - Northern Harrier 

SACR - Sandhill Crane 

WILL - Willet 

WISN - Wilson’s Snipe  

FOTE - Forster’s Tern 

BLTE - Black Tern 

BEKI - Belted Kingfisher 

ALFL - Alder Flycatcher 

WIFL - Willow Flycatcher 

SEWR - Sedge Wren 

MAWR - Marsh Wren 

COYE - Common Yellowthroat 

YEWA - Yellow Warbler 

SSTS - Saltmarsh Sharp-tailed Sparrow 

NSTS - Nelson’s Sharp-tailed Sparrow 

LCSP - LeConte’s Sparrow 

SWSP - Swamp Sparrow 

SAVS - Savannah Sparrow 

SESP - Seaside Sparrow  

RWBL - Red-winged Blackbird 

YHBL - Yellow-headed Blackbird 

BTGR - Boat-tailed Grackle
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Page ___of___

Date (eg 10-May-04) : Name of marsh or route :

Observer(s) (list all) : Survey method (if by boat, include type):

Tide (circle one):  (High)    (High/Rising)    (High/Falling)    
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Appendix 8. Development of Avian Metrics to Monitor Salt Marsh Integrity 

By Whitney A. Wiest and W. Gregory Shriver, University of Delaware, Newark, DE, 2010 

 

Introduction 

 

The goal of this research was to develop avian metrics as indicators of salt marsh 

condition.  To accomplish this goal we analyzed marsh bird data at both the community and 

species levels.  At the marsh bird-community level, we surveyed the bird community to 

determine the presence of marsh generalist and specialist species, as well as the relative 

abundance of tidal marsh obligate species, and used these data to develop a community-level 

method to evaluate salt marsh integrity.  At the species level, we evaluated differences in rapid 

and intensive assessment metrics typically used to monitor salt marsh birds to determine which 

metrics were most appropriate and feasible for tidal marsh bird monitoring programs. This 

project was a component of a larger effort lead by the U.S. Geological Survey to identify metrics 

for assessing salt marsh integrity on National Wildlife Refuges (see main report).  The 

incorporation of the avian metrics determined here into salt marsh assessment tools will enhance 

the capabilities to monitor the overall habitat value of tidal marshes for wildlife conservation.  

This appendix discusses the process of developing and evaluating all of the avian metrics 

considered for inclusion in the salt marsh assessment tool. Not all of the avian metrics discussed 

in this Appendix were selected for the final metric list (see main report). 

 

Developing a Marsh Bird Community Integrity Index 

  

Birds are sensitive to habitat alterations and as a result, changes in bird populations have 

been shown to be good indicators of environmental change (Verner 1984, Morrison 1986).  Birds 

respond to changes in habitat structure (Riffell et al. 2001) and to disturbances at lower trophic 

levels (Pettersson et al. 1995).  Bird assemblages have been used as effective indicators of 

biological integrity in forests (O’Connell et al. 1998, Canterbury et al. 2000), rangelands 

(Bradford et al. 1998), riparian-wetland habitats (Croonquist and Brooks 1991, Bryce et al. 

2002), and wetland ecosystems (DeLuca et al. 2004).  Additional support for birds as indicator 

taxa of ecosystem condition stems from the fact that birds are relatively easy and cost-effective 

to survey, the extensive literature on avian biology and life histories, and their popularity with 

the public garners. 

Avian community structure in salt marsh ecosystems may be evaluated and used to create 

an Index of Biological Integrity (IBI) to monitor marsh condition.  The U. S. Fish and Wildlife 

Service (USFWS) defines biological integrity as biotic composition, structure, and functioning at 

genetic, organism, and community levels comparable with historic conditions, including the 

natural biological processes that shape genomes, organisms, and communities (U.S. Fish and 

Wildlife Service 2001).  This concept assumes that alterations to ecosystems by human activities 

result in decreased biological integrity, and that ecosystem integrity remains unimpaired in the 

absence of human influence.  The IBI and its component metrics may be viewed as ecological 

dose–response curves, providing an integrative measure of the cumulative biological response to 

human influences in an area (Karr 2006).  Karr (1991) first applied the concept of an IBI to 
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assess ecosystem condition when he linked the structure and function of freshwater fish 

communities to water quality. 

 Our objectives were to: 1) develop a Marsh Bird Community Integrity Index (BCI) and 

evaluate marsh bird community integrity; 2) evaluate the effectiveness of the BCI to discriminate 

among different marsh management treatments; 3) determine if BCI scores were influenced by 

local and landscape habitat variables; and 4) determine how the BCI could be used as an 

effective salt marsh integrity monitoring tool. 

 

Methods 

Study Areas 

 We conducted this research in salt marshes at nine national wildlife refuges and refuge 

complexes of the USFWS Northeast Region in 2008 (n = 7 refuges) and 2009 (n = 9 refuges).  

These marshes were classified as Northern Atlantic Coastal Plain Tidal Salt Marsh and range 

from the southern coast of Maine to the mouth of the Chesapeake Bay, Virginia (Comer et al. 

2003).  This system of salt marshes occurs on the bayside of barrier beaches and along the outer 

mouth of tidal rivers where salinity has not been strongly impacted by freshwater.  A typical tidal 

salt marsh profile can be characterized as a low regularly flooded marsh strongly dominated by 

smooth cordgrass (Spartina alterniflora); a higher irregularly flooded marsh dominated by 

saltmeadow cordgrass (S. patens) and saltgrass (Distichlis spicata); low hypersaline pannes 

characterized by glasswort (Salicornia spp.); and a salt scrub ecotone characterized by marsh 

elder (Iva frutescens), groundsel tree (Baccharis halimifolia), and switchgrass (Panicum 

virgatum).  Slightly higher elevated areas also may support eastern redcedar (Juniperus 

virginiana) (Comer et al. 2003). 

 Refuge study sites span the range of the Northern Atlantic Coastal Plain Tidal Salt 

Marsh, occurring on a north-south latitudinal gradient along the Atlantic coastline.  Study sites, 

beginning with the northernmost refuge and continuing south, were Rachel Carson, Parker River, 

Rhode Island Complex (John H. Chafee and Sachuest Point), Stewart B. McKinney, Wertheim, 

Edwin B. Forsythe, Bombay Hook, Prime Hook, and Eastern Shore of Virginia Complex 

(Eastern Shore of Virginia and Fisherman Island) (Figure 8.1). U.S. Geological Survey (USGS) 

and USFWS personnel selected study areas to represent different marsh conditions and 

management treatments (main report).  Within each refuge, salt marshes were divided into marsh 

study units that were delineated based on marsh management treatment and natural hydrologic 

features.  Marsh units represented a single or combination of marsh management treatment types 

(e.g., ditched, open marsh water management [OMWM], OMWM/ditched).  The disturbance 

severity of each unit was determined to be “high” or “low” based on local knowledge.  Survey 

points in marsh units were chosen using a stratified random sample, stratified by marsh 

management type, and the number of survey points within each unit was proportional to marsh 

unit area.  If avian sampling points had been previously established at a refuge then those points 

were used for logistical and financial reasons. 

Avian Community Sampling 

 Field technicians conducted three call-broadcast surveys at survey points during the 

breeding season (May - August) following the Standardized North American Marsh Bird 

Monitoring Protocols (Conway 2008).  Surveys included a five-minute passive listening period 
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followed by audio broadcast calls of focal marsh birds to elicit vocalizations and increase 

detection rates of secretive and infrequently vocalizing marsh birds (Gibbs and Melvin 1993,  

 
Figure 8.1. Map of the nine National Wildlife Refuges and Refuge  

Complexes where research was performed. 

 

Conway and Gibbs 2005).  Marsh bird species that were broadcast at each refuge depended on 

the refuge’s geographic location and bird species ranges (Table 8.1).  We did not use call-

broadcast at Rachel Carson because secretive marsh birds do not inhabit the salt marshes there.  

Calls were broadcast for 30 seconds followed by 30 seconds of silence for each species.  

Technicians recorded all bird species detected during both the 5-minute passive period and the 

call-broadcast period.   Locations of individual birds were grouped into three distance categories 

(0 – 50 m, 50 – 100 m, 100+ m).  Survey technicians received marsh bird identification training 

and were instructed on proper monitoring protocol procedures at an avian training workshop  

 

Table 8.1. Marsh bird vocalization sequences used in call-broadcast surveys. 
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Rachel Carson X - - - - - - - 

Parker River X - X X X - X X 

Rhode Island X - X X X X X - 

S.B. McKinney X - X X X X X X 

Wertheim X X - - X X X - 

E.B. Forsythe X X - - X X X - 

Bombay Hook X X X X X X X X 

Prime Hook X X - - X X X - 

Eastern Shore VA X X - - X X X - 

 

prior to each field season.  A marsh bird identification test was given at the end of each 

workshop to evaluate identification skills and minimize observer bias that may have been 
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incurred during the surveys.  Survey condition information was recorded at the start of each call-

broadcast survey and included: date, survey start time, travel method (e.g., foot, boat), 

temperature, sky condition, wind speed, and background noise.  Survey start times ranged from 

4:43 am to 12:47 pm.  Surveys were not conducted when wind speed was greater than 12 mph or 

during sustained rain or heavy fog. 

 

Marsh Bird Community Integrity Index 

 We evaluated marsh bird community integrity at each survey point using a revised Marsh 

Bird Community Integrity Index (BCI) (DeLuca et al. 2004).  The index scores marsh bird 

species attributes along a generalist to specialist gradient and sums the attribute scores to develop 

a species-specific bird integrity score (BIspecies) (Table 8.2).  We evaluated three attributes: 

foraging habitat, nesting substrate, and conservation rank.  Generalists were considered to be 

species that feed in a variety of habitats and are non-marsh nesters, while specialists were those 

that are marsh obligate feeders and marsh ground nesters. Foraging habitat and nesting substrate 

preferences were evaluated for each species using life history information from the Birds of 

North America Online (Cornell Lab of Ornithology and the American Ornithologists’ Union 

2010).  Conservation rank was evaluated to account for regional species conservation status, and 

scores were assigned using the Priority Bird List of New England/Mid-Atlantic Coast Bird 

Conservation Region (BCR) 30 (Atlantic Coast Joint Venture 2008a).  Priority bird species were 

identified based on factors such as global and/or continental conservation concerns, the 

importance of the BCR to a species’ global or continental distribution, and population trends and 

threat levels within the region (Atlantic Coast Joint Venture 2008b).  In the index, unranked 

species were considered generalists and highest concern species were considered specialists.  For 

example, the BIspecies of Clapper Rail (Rallus longirostris) is 11.5.  Clapper Rail is a marsh 

obligate forager (foraging habitat = 4), marsh ground nester (nesting substrate = 4), and ranked 

high on the Priority Bird List (conservation rank = 3.5). 

   

Table 8.2. Bird species attributes (Poole & Gill 1999) and modified scoring criteria used to 

develop species-specific integrity scores (BIspecies) for bird community integrity calculations 

(DeLuca et al. 2004).  

 Score 

 Generalist    Specialist 

 

Species 

Attribute 

 

1 

 

2 

 

2.5 

 

3 

 

4 

Foraging 

habitat
 

Habitat 

generalist 
 

Marsh 

facultative 
 

Marsh 

obligate 

Nesting habitat 
Non-marsh 

nesting 
 

Marsh 

vegetation 
 

Marsh 

ground 

nesting 

Conservation 

rank 

 

Unranked 
 

 

Moderate 

 

High (3.5) 

 

Highest 
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 To calculate BCI for a survey point, the BIspecies of each species detected at a survey point 

were summed, then divided by the number of species detected at the point (Spoint) to obtain an 

average BIspecies for the survey point. To account for TMO bird species abundance at the survey 

point we multiplied the BCI by the expression (1 + ( MaxTMOpoint/



x  MaxTMOrefuge). We 

included the following species as tidal marsh obligates for the purposes of calculating the BCI: 

Clapper Rail, Willet, Saltmarsh Sparrow, Nelson’s Sparrow, Seaside Sparrow, and Swamp 

Sparrow. The sum of the maximum count of TMO individuals (MaxTMOpoint) across all visits at 

a given survey point was divided by the average maximum count of TMO individuals 

(



x MaxTMOrefuge) across all survey points within the refuge where that survey point was located. 

The “survey point-driven” numerator was divided by the “refuge-driven” denominator and 

multiplied by 100 to obtain the survey point’s final BCI score.  We multiplied the denominator 

by 2 so that final BCI scores ranged around a reference score of 100 and could then be easily 

interpreted with a final BCI score of "100" indicating that the point has the same bird integrity as 

an average point at that refuge. Scoring below "100" indicated the point's bird integrity is lower 

than the bird integrity of an average point at that refuge. Scoring above "100" indicated the 

point's bird integrity is higher than the bird integrity of an average point at that refuge. By 

calculating a BCI score for each survey point that directly relates to the refuge BCI, refuges and 

associated surveys points that are not naturally located within TMO species’ ranges are not 

penalized in the index.  Multiplying by 100 to obtain a percentage standardizes scores. BCI 

scores of survey points sampled multiple years were averaged to estimate one BCI score for each 

point.     

 

 
 Spoint  

BCI = [(   BIspecies / Spoint) * (1 + (MaxTMOpoint  / 



x MaxTMOrefuge)) ]  *  100 
  species=1 

 

 Srefuge 

 2*[(   BIspecies /Srefuge)] 
 species=1 
 

  

 Species determined to be “edge” species were removed from the BCI score calculations 

due to the likelihood that the species were in the proximity of the marsh, but not actually 

utilizing the marsh (U.S. EPA 2002).  Detection of edge species was generally limited to a few 

records per species and species life history information was used to determine if a species could 

be considered an edge species or not.   

 

Habitat Variables 

 Habitat variables at the local and landscape scale were measured at each call-broadcast 

survey point location.  At the local scale, technicians estimated the percent cover of plant 

communities within a 50-m radius around each survey point.  Technicians visually assessed the 

surrounding vegetation and habitat types by using binoculars to scan 360-degrees around the 

point and by walking the area when necessary.  Local plant communities and habitat types were 

grouped into the following categories: S. alterniflora dominated (“low marsh”); perennial turf 

grasses (“high marsh”); salt marsh terrestrial border; brackish terrestrial border; invasives; 

pannes, pools, and creeks; open water; and upland (Supplemental Information A).  A cover class 
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guide was used to aid in the estimation of the percent cover of the predefined plant communities 

and habitats.  Landscape scale variables were calculated using ArcGIS 9.3 (ESRI 2009).  The 

percent cover of land cover types was estimated in a 250-m radius around each survey point 

using land cover data from the National Oceanic and Atmospheric Administration’s (NOAA) 

Coastal Change Analysis Program, resolution 30 m (NOAA Coastal Services Center 2005).  To 

facilitate the evaluation of the surrounding landscape associated land cover classes were grouped 

into 11 overall land cover categories: bare land, developed open space, development, agriculture, 

grassland, forest, estuarine wetland, palustrine wetland, scrub-shrub, unconsolidated shore, and 

water (Supplemental Information B).   

 

Interpreting Changes in Bird Community Integrity  

 We used the range of the BCI scores to define three salt marsh condition categories, 

“Good”, “Caution”, and “Concern”, in order to interpret changes in bird community integrity as 

it relates to ecosystem condition (Tierney et al. 2009).  To define the thresholds between the 

categories we evaluated frequency distributions of the percentage of species-specific integrity 

scores detected at survey points.  “Good” BCI scores represented the frequency distribution 

where the percentages of species integrity scores detected were dominated by tidal marsh 

obligate species with high integrity scores.  “Caution” BCI scores represented the frequency 

distribution where the percentages of generalist and specialist species, based on species integrity 

scores, were at or approaching similar frequencies. “Concern” BCI scores were those where the 

frequency distribution of the percentages of species integrity scores detected were dominated by 

generalist species with low integrity scores.  

 

Statistical Analyses 

 We used analysis of variance to evaluate the relationship between BCI and marsh 

management treatment and disturbance severity (high or low) within refuges (alpha = 0.05) (Zar 

1999).  We compared the differences between mean BCI of different marsh management 

treatment types within refuge using Tukey’s post-hoc test (Zar 1999).  We used multivariate 

linear regression (Zar 1999) to determine if any relationship(s) existed between BCI, the 

response variable, and the habitat variables (percent cover of plant community/habitat types and 

land cover classes).  Prior to the regression analysis, we used a correlation analysis to determine 

which habitat variables were highly correlated with one another.  When the percent cover of a 

plant community/habitat type was significantly correlated with another plant community/habitat 

type, one of the variables was manually selected to include in the regression analysis.  The same 

process was performed for the land cover variables.  We used stepwise linear regression to 

determine which habitat variables best predicted BCI at the local (50 m) and landscape (250 m) 

scales.  Regression stepping method criteria was alpha = 0.05 as the model entry value and 0.10 

as the removal value.  We conducted all analyses in PASW Statistics 18.0 (SPSS, Inc. 2009). 

 

Results 

 

 Technicians surveyed 184 points across 39 marsh units in salt marshes that represented 

seven marsh management treatment types.  136 bird species were detected (25 wetland obligates, 

62 wetland generalists, and 49 edge species), 2008 - 2009 (Supplemental Information C, D). 
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Marsh Bird Community Integrity & Refuge Marsh Management 

 BCI scores ranged from 34.62 to 187.36 with a mean BCI score of 98.18 (± 1.97).  E.B. 

Forsythe had the greatest mean refuge BCI score (123.35 ± 5.60, n = 26) while Rachel Carson 

had the lowest (77.57 ± 4.28, n = 22) (Table 8.3).  The BCI score differed among marsh 

management types at Rachel Carson (F3,18 = 8.951, P = 0.001), Parker River (F2, 26 = 4.343, P = 

0.024), Bombay Hook (F2, 8 = 4.838, P = 0.042), and Prime Hook (F1,17 = 12.118, P = 0.003) but 

not at Rhode Island (F1, 6 = 3.338, P = 0.117), S.B. McKinney (F2, 13 = 0.764, P = 0.486), or E.B. 

Forsythe (F2, 23 = 0.408, P = 0.670).  At Rachel Carson, BCI scores from tidal restricted sites 

were 1.7 times greater than ditched scores (P = 0.003), 1.4 times greater than reference scores (P 

= 0.005), and 1.4 times greater than ditch plugged scores (P = 0.031).  At Parker River, 

OMWM/ditched BCI scores were 1.2 times greater than ditched scores (P = 0.047) and 1.2 times 

greater than reference scores (P = 0.042).  At Bombay Hook, reference BCI scores were 1.1 

times greater than inactive OMWM scores (P = 0.045).  At Prime Hook, BCI scores at ditched 

sites were 1.3 times greater than scores at OMWM sites (P = 0.003).  BCI score also differed by 

disturbance category (low, high) at Bombay Hook (F1, 9 = 9.428, P = 0.013).  All other refuge 

disturbance comparisons of BCI scores were not significant.  Analyses could not be performed at 

refuges with only one marsh management type (i.e., Wertheim and Eastern Shore of VA). 

 

Table 8.3. Mean bird community integrity scores of salt marsh study areas and survey 

points sampled during 2008 and 2009. 

Marsh Bird Community Integrity & Habitat Variables 

Refuge N Refuge Mean 

BCI Score (±SE) 

Marsh 

Management Type 

Disturbance N Mean BCI 

Score (±SE) 

Rachel Carson 22 77.57 (4.28) 

Ditch plugged High 4 69.90 (6.58) 

Ditched High 3 56.33 (5.26) 

Reference Low 6 66.87 (7.45) 

Tidal restricted High 9 95.20 (3.82) 

Parker River 29 104.64 (3.82) 

Ditched High 10 97.80 (4.05) 

OMWM/Ditched High 10 118.56 (3.80) 

Reference Low 9 96.79 (9.20) 

Rhode Island 8 94.06 (4.53) 
Reference Low 7 96.77 (4.20) 

Tidal restricted High 1 75.09 (.) 

S.B. McKinney 16 82.67 (4.79) 

Ditched High 4 92.70 (7.22) 

OMWM High 2 75.13 (9.74) 

Reference Low 10 80.16 (6.76) 

Wertheim 32 93.87 (4.74) Ditched High 32 93.87 (4.74) 

E.B. Forsythe 26 123.35 (5.60) 

Ditched High 12 124.83 (9.60) 

OMWM/Ditched High 9 127.16 (8.93) 

Reference Low 5 112.93 (9.48) 

Bombay Hook 11 119.26 (2.78) 

Ditched High 4 116.31 (2.98) 

Inactive OMWM High 3 112.11 (5.10) 

Reference Low 4 127.56 (3.17) 

Prime Hook 19 104.26 (4.43) 
Ditched Low 3 132.27 (9.88) 

OMWM Low/High 16 99.01 (3.73) 

Eastern Shore VA 21 83.05 (5.34) Reference Low 21 83.05 (5.34) 
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 BCI scores at the local scale were positively associated with high marsh (β = 0.26, t = 

3.57, P = <0.001) and negatively associated with open water (β = -0.25, t = -3.47, P = 0.001) 

(Table 8.4).  Five plant community/habitat type variables (i.e., open water; pannes, pools, and 

creeks; high marsh; salt marsh terrestrial border; and upland) were included in the stepwise 

analysis, while three variables (i.e., brackish terrestrial border; low marsh; and invasives) were 

not included.  The non-included variables were significantly correlated (P = <0.001) with one or 

more of the included variables.   

 BCI scores at the landscape scale were negatively associated with percent cover of forest 

(β = -0.21, t = -2.99, P = 0.003), development (β = -0.29, t = -3.58, P =< 0.001), and palustrine 

wetland (β = -0.20, t = -2.84, P = 0.005) (Table 8.5).  Seven land cover variables (i.e., 

agriculture, development, forest, grassland, palustrine wetland, unconsolidated shore, and water) 

were included in the stepwise analysis, while four variables (i.e., bare land, developed open 

space, scrub-shrub, and estuarine wetland) were not included.  The non-included variables were 

significantly correlated (P = <0.001) with one or more of the included variables.  

 

Table 8.4. Local scale plant community/habitat type models and regression coefficients for 

stepwise linear regression equations with bird community integrity score as the dependent 

variable.  P1 indicates the significance of the beta estimate and P2 indicates the overall 

significance of the model. 

 

Model 

 

Plant Community/Habitat 

Type 
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2 
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F 

 

P
2
 

1 (Constant) 0.10  15.57 <0.001 17.41 <0.001 

 
Perennial turf grasses ("high 

marsh") 
 0.31 4.17 <0.001   

2 (Constant) 0.16  16.32 <0.001 15.32 <0.001 

 
Perennial turf grasses ("high 

marsh") 
 0.26 3.57 <0.001   

 Open water  -0.25 -3.47 0.001   

 

Table 8.5. Landscape scale land cover models and regression coefficients for stepwise linear 

regression equations with bird community integrity score as the dependent variable.  P1 

indicates the significance of the beta estimate and P2 indicates the overall significance of 

the model. 

 

Model 

 

Land Cover 

 

 

R
2 

 

Β 

 

t 

 

P
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F 

 

P
2
 

1 (Constant) 0.05  48.35 <0.001 9.84 0.002 

 Forest  -0.23 -3.14 0.002   

2 (Constant) 0.10  46.95 <0.001 10.47 <0.001 

 Forest  -0.24 -3.46 0.001   

 Development  -0.23 -3.25 0.001   

3 (Constant) 0.14  45.31 <0.001 9.93 <0.001 

 Forest  -0.21 -2.99 0.003   

 Development  -0.25 -3.58 <0.001   

 Palustrine wetland  -0.20 -2.84 0.005   
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Monitoring Marsh Bird Community Integrity 

The distribution of the percentages of species-specific integrity scores detected shifted 

with changes in BCI scores (Figure 8.1).  “Good” BCI scores were determined to be BCI scores 

greater or equal to 123.48 (85
th

 percentile), with a mean species integrity score of 7.97 (± 0.13), n 

= 627.  “Caution” scores ranged from 97.96 to 123.48 (50
th

 to 85
th

 percentile) and had a mean 

species integrity score of 7.35 (± 0.09), n = 1,456.  “Caution” BCI scores displayed a frequency 

distribution where the mean species integrity score was at, or near, the mean of the species 

integrity score range (



x  = 7.50, range = 3 – 12).  “Concern” scores were lower than 97.96 and 

had a mean species integrity score of 6.46 (± 0.07), n = 2,026.  The cutoff points for the BCI 

condition categories (i.e., “Good”, “Caution”, and “Concern”) represented a 34% and a 48% 

decrease in BCI from “Good” to “Caution” and from “Caution” to “Concern”, respectively, from 

the greatest calculated BCI score (187.36). 

 

 
___________________________________________________________________ 
34.62              97.96     Point BCI Score           123.48        187.36 

          (0%)             (50%)         (Percentile)            (85%)       (100%) 

Species integrity scores represented on the x-axis are based on orginial species integrity scores placed into the following bins, bin 

value (species integrity scores): 3 (3); 4 (3.5, 4); 5 (4.5, 5); 6 (5.5, 6); 7 (6.5, 7); 8 (7.5, 8); 9 (8.5, 9); 10 (9.5, 10); 11 (10.5, 11); 

and 12 (11.25, 11.5, 12). 

Figure 8.1. Marsh bird community integrity scale with three condition categories based on 

the frequency distribution of species integrity scores of detected species. 

 

Discussion 

 

 We found that the BCI was able to discriminate between marshes of different 

management treatments within four refuges.  The BCI could not discriminate between marsh 

management treatment type at three refuges (i.e., Rhode Island, S.B. McKinney, and E.B. 

Forsythe), which was likely due to insufficient sample size at Rhode Island (reference points n = 

7, tidal restricted points n = 1) and S.B. McKinney (ditched points n = 4, OMWM points n = 2, 

and reference points n = 10).  Additionally, the 4 ditched points at S.B. McKinney were 

distributed among three marsh units, while the OMWM and reference points were each 

concentrated in one unit, respectively.  At E.B. Forsythe the ditched and OMWM/ditched salt 

marshes may be too structurally similar in terms of the presence and size of ditches and OMWM 

features to detect a difference in BCI.  Comparisons of BCI between the same marsh 

management treatment types and disturbance severities of different refuges are not fair 
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comparisons.  Treatment types of the same name may not necessarily mean the same thing across 

refuges.  For example, OMWM methods vary between regions and New England salt marshes 

have traditionally experienced different OMWM techniques from Delaware Bay marshes.  

Additionally, the disturbance severity labels “high” and “low” were applied to marsh units 

subjectively and not based on quantitative data, likely rendering disturbance comparisons 

between marsh units inappropriate. 

 The stepwise regression identified relationships between habitat variables and BCI at the 

local and landscape scales.  Land managers may increase BCI by restoring the vegetation 

structure in altered salt marshes to increase high marsh habitat and decrease open water areas.  In 

the surrounding landscape refuges may increase BCI by decreasing forest cover and palustrine 

wetland cover, however this recommendation is contingent on site-specific conditions.  The size 

and shape of the target salt marsh, relative to the proximity of forested and palustrine wetland 

areas must be considered to determine the true negative impacts these areas have on BCI.  

Concomitantly, when considering different land management actions the conservation priorities 

of all potentially affected wildlife must be assessed.  Decreasing development will also improve 

BCI, however this strategy is not feasible for refuges with small areas of marsh habitat directly 

adjacent to public and private roads and buildings (e.g., Rhode Island and S.B. McKinney).  

These refuges should concentrate on making improvements to marsh habitats at the local scale.  

Direct alterations to marsh areas or allowable land-use changes to the landscape to improve BCI 

should be undertaken if the actions will maintain or restore the biological integrity, diversity, and 

environmental health of refuge marshes.  Not all refuges will require such endeavors and current 

BCI conditions and refuge purposes and priorities should be examined thoroughly. 

 The BCI index is meant to assess the entire bird community and is intended to be a 

reflection of salt marsh integrity, not a determination of the relationship between any one stressor 

and species (DeLuca et al. 2008).  High BCI scores should correspond with high salt marsh 

integrity levels; therefore, the species integrity scores of obligate tidal marsh birds should reflect 

the highest species integrity scores used in the index.  The BCI scale is able to successfully 

distinguish between three BCI conditions, “Good”, “Caution”, and “Concern”, based on the 

frequency distribution of species integrity scores of detected species.  “Good” BCI indicates salt 

marsh function and condition is at such a level that tidal marsh obligate birds are positively 

supported by the marsh and are able to dominate the marsh bird community.  “Caution” BCI 

indicates the salt marsh may be degrading based on similar percentages of generalist and 

specialist bird species frequencies.  “Concern” BCI indicates salt marsh condition has been 

degraded and the marsh bird community is being dominated by non-marsh nesting, habitat 

generalist species.  Refuge managers and biologists can use the scale to evaluate avian 

community composition based on species integrity, and as an early warning system when 

monitoring temporal and spatial variations in BCI.  Software such as Program MONITOR 

(Gibbs and Ene 2010) can be used to determine what magnitude of change in BCI can be 

detected given different survey efforts in order to develop BCI monitoring programs.  Using the 

calculated BCI scores and associated CVs, the boundary scores between BCI scale condition 

categories can be used to set trend levels to determine what power changes can be detected in 

future integrity monitoring programs. 

 This research supports using the marsh bird community to evaluate the integrity of 

Northern Atlantic salt marshes.  The BCI is recommended for use within refuges to assign a 

single monitoring metric to sites to evaluate changes in avian community composition and the 

ecological condition of the surrounding salt marsh.  The index may help support the selection of 
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high-quality sites for purposes such as acquisition and conservation priorities and re-focus 

management priorities to poor-quality sites (Karr 2006).  The BCI may further be integrated into 

a more extensive salt marsh integrity index to monitor ecosystem condition based on 

relationships between salt marsh integrity metrics and wildlife response.  This tool could provide 

refuge managers with a comprehensive multi-metric salt marsh management framework to guide 

critical management decisions. 

 

Monitoring Salt Marsh Birds 

 

 Monitoring program design and implementation provides the foundation for much of our 

understanding of wildlife population trends and responses to habitat management.  Most 

monitoring programs are fiscally constrained and increased spending accountability has led to a 

critical examination of how to acquire needed information to improve management decisions and 

maximize conservation gains (Legg and Nagy 2006, Nichols and Williams 2006, McDonald-

Madden et al. 2010).  Therefore, defining measurable and realistic monitoring objectives and 

developing the appropriate sampling design are crucial to successful monitoring programs.  

Resources must be allocated efficiently to execute and sustain monitoring programs with 

program objectives, time, personnel effort and experience, and budgetary limitations, among 

other factors, specifically stated. 

 The focus of many conservation and monitoring initiatives has shifted from the single-

species approach to the ecosystem level (Busch and Trexler 2003).  While monitoring at the 

ecosystem level can lead to additional pressures on program resources, ecosystem monitoring 

targeted toward management needs can be used to help understand the causes of ecosystem 

changes and evaluate if and how management actions are achieving objectives (Nichols and 

Williams 2006).  Monitoring plans must be feasible to implement while contending with 

additional strains on finances, logistics, and survey efforts, and must ultimately be integrated into 

conservation and management decision-making (see main report).  Restoration and management 

of salt marsh ecosystems have recently been designated as high conservation priorities, 

especially in light of accelerated sea-level rise (IPCC 2007, Rahmstorf 2007).  Presently, a salt 

marsh monitoring plan that assesses salt marsh integrity and assists in guiding management 

actions is in development for coastal National Wildlife Refuges (see main report).  The plan is 

being developed under the premise that refuge staff must use a limited resource base to meet 

monitoring program goals.  To contend with minimal resources, monitoring objectives may be 

achieved by monitoring specific taxa as indicators of ecosystem health and by supplementing 

intensive assessment metrics with appropriate rapid metrics.  When a relationship exists between 

rapid and intensive metrics, the more efficient rapid metrics can serve as useful monitoring 

indicators in place of intensive, and inherently more costly, assessment methods.  The objectives 

of this section were to: (1) determine and compare the effects of survey effort on site-occupancy 

and abundance estimates for tidal marsh obligate bird species; and (2) determine the 

relationships between Seaside Sparrow abundance, a rapid metric, and intensive reproductive 

metrics. 

 

Methods 

Study Areas 
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We conducted this research at Bombay Hook and Prime Hook National Wildlife Refuges, 

collectively known as the Coastal Delaware National Wildlife Refuge Complex, and at adjacent 

state and privately owned lands.  Bombay Hook National Wildlife Refuge (39 15’ N, 75 26’ 

W) was established in 1937 as a refuge and breeding ground for migrating birds in the Atlantic 

Flyway (U.S. Fish and Wildlife Service 2004).  The refuge contains 8,082 ha of tidal salt marsh 

that consists of managed and unaltered areas (Warner 2009).  Eleven 2.25-ha plots were 

established in three marsh areas: a parallel grid ditched area (n = 4), an open marsh water 

management (OMWM) treated area (n = 3), and an unaltered reference area (n = 4).  The 

OMWM treated marsh was installed in 1981 as a trial area by the Delaware Division of Fish and 

Wildlife – Mosquito Control and experienced no additional alterations following the initial 

treatment (Warner 2009).  This area may be considered old inactive OMWM as it does not 

receive the maintenance or upkeep that is typical of active OMWM systems. 

Prime Hook National Wildlife Refuge (38 50’ N, 75 13’ W) was established in 1963 to 

protect coastal wetlands that serve as wintering and breeding ground for migratory waterfowl 

(U.S. Fish and Wildlife Service 2000).  Most of the Refuge’s tidal salt marsh was ditched in the 

early 1930s and/or farmed prior to the Refuge’s creation (Pepper 2008).  Nineteen plots (1.00 - 

2.25 ha) were established on and adjacent to Refuge property along a gradient of marsh 

management: Prime Hook National Wildlife Refuge (n = 16; OMWM), Delaware State Wildlife 

Area (n = 2; grid ditched), and Delaware Nature Society property (n = 1; grid ditched).  For the 

purposes of this thesis the location of these 19 plots will be referred to as “Prime Hook” from 

herein.  All plots were at least 100 m apart except for two.  Research was conducted at Bombay 

Hook from 2008 – 2009 and at Prime Hook from 2006 – 2009, during the breeding season (May 

– August). 

The salt marshes found at these two refuges were classified as Northern Atlantic Coastal 

Plain Tidal Salt Marsh (Comer et al. 2003).  This system of salt marshes occurs on the bayside of 

barrier beaches and along the outer mouth of tidal rivers where salinity has not been strongly 

impacted by freshwater.  A typical tidal salt marsh profile can be characterized as a low regularly 

flooded marsh strongly dominated by smooth cordgrass (Spartina alterniflora); a higher 

irregularly flooded marsh dominated by saltmeadow cordgrass (S. patens) and saltgrass 

(Distichlis spicata); low hypersaline pannes characterized by glasswort (Salicornia spp.); and a 

salt scrub ecotone characterized by marsh elder (Iva frutescens), groundsel tree (Baccharis 

halimifolia), and switchgrass (Panicum virgatum).  Slightly higher elevated areas may also 

support eastern redcedar (Juniperus virginiana) (Comer et al. 2003). 

Rapid Avian Measures 

 

  Abundance Estimates 

 

 Field technicians conducted eight call-broadcast surveys at survey plots during the 

breeding season (May - August) following the Standardized North American Marsh Bird 

Monitoring Protocols (Conway 2008).  Surveys include a five-minute passive listening period 

followed by audio broadcast calls of focal marsh birds to elicit vocalizations and increase 

detection rates of secretive and infrequently vocalizing marsh birds (Gibbs and Melvin 1993, 

Conway and Gibbs 2005).  Calls were broadcast for 30 seconds followed by 30 seconds of 

silence for each species.  Technicians recorded all bird species detected during both the 5-minute 

passive period and the call-broadcast period.  Locations of individual birds were grouped into 
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three distance categories (0 – 50 m, 50 – 100 m, 100+ m).  Survey technicians received marsh 

bird identification training and were instructed on proper monitoring protocol procedures at an 

avian training workshop prior to each field season.  A marsh bird identification test was given at 

the end of each workshop to evaluate identification skills and minimize observer bias that may 

have been incurred during the surveys.  Survey condition information was recorded at the start of 

each call-broadcast survey and included: date, survey start time, travel method (e.g., foot, boat), 

temperature, sky condition, wind speed, and background noise.  Survey start times ranged from 

6:04 am to 12:47 pm.  Surveys were not conducted when wind speed was greater than 12 mph or 

during sustained rain or heavy fog.  Survey dates were grouped into “date bins” that consisted of 

two-week intervals emphasizing early, middle, and late breeding season survey windows to 

facilitate analysis (Conway et al. 2008). 

 We used survey data to calculate relative abundance of four primary tidal marsh obligate 

species of the Delaware Bay: Clapper Rail (Rallus longirostris), Willet (Tringa semipalmata), 

Saltmarsh Sparrow (Ammodramus caudacutus), and Seaside Sparrow (A. maritimus).  Relative 

abundance was estimated by determining the sum of the maximum number of individuals 

detected at each survey point, divided by the total number of points.  We evaluated changes in 

species abundance ( SD) and coefficient of variation estimates to determine how the number of 

visits to a sampling location influenced variability in these parameters.  Seaside Sparrow 

abundance estimates used in breeding ecology regression analyses represented the maximum 

number of individuals detected across all eight call-broadcast surveys by plot. 

 

 Occupancy Estimation 

 

 We used Program PRESENCE ver. 3.0 Beta (MacKenzie and Hines 2002) to estimate 

occupancy rates of the four tidal marsh obligate species: Clapper Rail, Willet, Saltmarsh 

Sparrow, and Seaside Sparrow (Table 8.6).  We evaluated changes in species occupancy (Ψ  

SE) and 95% confidence interval estimates to determine how the number of visits to a sampling 

location influenced variability in these parameters.  Data from the same surveys were used to 

compare changes in species relative abundance to changes in species occupancy rates.  

Occupancy rates were estimated using a likelihood-based method, which does not discriminate 

against missing surveys (MacKenzie et al. 2002).  Call-broadcast data was used to create a 

detection history for each species at each survey point.  For example, if a Clapper Rail was 

detected at point “X” during the first and second survey in a series of surveys, but not during the 

third survey, the detection history is 110.  A “1” indicates the species was detected during the 

survey and a “0” indicates the species was not detected.  Analysis of such detection histories 

enables occupancy rates to be calculated when detection probabilities are less than one 

(MacKenzie et al. 2002).  For this analysis we included all points surveyed in 2008 and 2009.   

 Prior to estimating occupancy, we analyzed which survey covariate(s) influenced the 

detection probability of each species.  Noise most strongly influenced detection probability in all 

cases; therefore, noise was held constant and used as the detection probability covariate in each 

visitation occupancy model.  We modeled visitation effort by estimating occupancy using data 

from two call-broadcast survey visits, three visits, four visits, and eight visits.  To model the 

effects of two visits we used data from visit no. 1 and 5, which represented early and mid-season 

surveys.  Model results of three visits were based on visit no. 1, 5, and 8; four visits on no. 1, 3, 

6, and 8; and eight visits consisted of all surveys (visit no. 1 through 8).  When Program 

PRESENCE could not analyze detection history data of the pre-chosen visits due to software 
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issues, supplemental survey data from visits that complemented the seasonal timing of the 

original pre-chosen visits were used in the analysis.  Willet occupancy for two visits was 

analyzed using visit no. 1 and 4.  Occupancy for the maximum-visit scenario (the “eight-visit 

scenario”) was analyzed for Saltmarsh Sparrow using the first seven survey visits and for Seaside 

Sparrow using the first six survey visits. 

 

Table 8.6. Summary of occupancy (Ψ) and relative abundance estimates for four obligate 

tidal marsh bird species. 

Species 
Number 

of Visits 
Ψ SE 

95% 

CI 

Lower 

Bound 

95% 

CI 

Upper 

Bound 

Relative 

Abundance 
SD 

Coefficient 

of 

Variation 

Clapper 

Rail 

2 0.74 0.08 0.55 0.87 1.53 1.69 1.10 

3 0.86 0.07 0.65 0.95 1.70 1.60 0.94 

4 0.89 0.06 0.72 0.96 1.86 1.50 0.81 

8 0.88 0.04 0.77 0.94 2.37 1.71 0.72 

Willet 

2 0.91 0.06 0.69 0.98 3.14 2.89 0.92 

3 0.96 0.06 0.55 1.00 2.54 2.15 0.85 

4 0.88 0.05 0.76 0.94 3.24 2.25 0.69 

8 0.97 0.02 0.87 0.99 4.17 2.63 0.63 

Saltmarsh 

Sparrow 

2 0.90 0.16 0.24 1.00 1.36 1.47 1.08 

3 0.94 0.09 0.44 1.00 2.05 2.06 1.01 

4 0.91 0.06 0.73 0.97 2.20 2.03 0.92 

7 0.96 0.03 0.84 0.99 2.48 1.54 0.62 

Seaside 

Sparrow 

2 0.98 0.02 0.88 1.00 7.70 3.42 0.44 

3 0.98 0.02 0.88 1.00 8.53 4.11 0.48 

4 0.98 0.02 0.89 1.00 8.85 4.16 0.47 

6 0.98 0.02 0.87 1.00 8.93 3.50 0.39 

 

Intensive Avian Measures 

 

 Sparrow Territory Density 

 

 Seaside Sparrow territories were mapped on each plot eight times using the mapping 

method recommended by the International Bird Census Committee (1970).  Mapping was 

conducted between 0600 and 1200 hours during the breeding season (May – August).  We 

estimated the number of sparrow breeding territories for each plot using data from the territory 

mapping surveys.  The territory density (number of territories per hectare of marsh) for each plot 

was estimated by dividing the mean number of territories by plot size (1.00 – 3.00 ha) (Table 

8.7).  We used linear regression to compare territory densities to sparrow abundance for each 

plot to determine if there was a relationship between the rapid (call-broadcast surveys) and 

intensive (territory mapping) sampling techniques (Zar 1999). 

 

 Sparrow Nest and Fledgling Density 

 

 We searched for Seaside Sparrow nests on each plot and monitored all nests.  Plots were 

searched for nests at least eight times per plot during the breeding season.  Nests were marked 

with a flag to enable nests to be relocated easily for monitoring purposes.  The flag was placed 
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approximately 1 m from each nest, with the nest in between the flag and a plot marker flag.  

Flags were not placed in front of the nest opening, but to the side or behind the nest opening to 

minimize nest disturbance.  Flags were labeled with nest species and nest number and all nest  

locations were recorded using a handheld GPS unit.  Nests were revisited every three to four 

days to monitor nest status.  We recorded clutch size, number of hatchlings, and number of 

 

Table 8.7. Seaside Sparrow nesting data of study plots at Bombay Hook and Prime Hook 

National Wildlife Refuges, 2006 - 2009. 

Refuge Plot 

Plot 

Area 

(ha) 

Year Abundance 

Territory 

density 

(#territories/ha) 

Nest 

density 

(#nests/ha) 

Fledgling 

density 

(#fledglings/ha) 

Daily 

nest 

survival 

Bombay 

Hook 

GR1 2.25 

2008 16 3.11 4.44 1.78 0.93 

2009 10 1.33 3.11 0.44 0.88 

GR2 

 

2.25 

2008 15 2.22 5.33 5.33 0.93 

2009 8 1.33 1.33 0.44 0.88 

GR3 2.25 

2008 9 2.44 1.33 0.00 0.93 

2009 12 1.78 3.11 2.22 0.88 

GR4 2.25 

2008 8 2.22 1.78 4.44 0.93 

2009 12 2.44 1.33 0.00 0.88 

OM1 2.25 

2008 7 3.56 7.11 13.33 0.96 

2009 10 2.44 4.00 5.33 0.94 

OM2 2.25 

2008 6 1.78 5.33 5.78 0.96 

2009 6 2.00 2.67 5.33 0.94 

OM3 2.25 

2008 12 3.78 10.22 21.33 0.96 

2009 11 3.56 4.00 3.11 0.94 

UN1 2.25 

2008 9 1.78 4.89 10.67 0.96 

2009 10 2.67 2.67 4.00 0.95 

UN2 2.25 

2008 7 2.22 3.11 3.56 0.96 

2009 10 3.11 3.11 5.33 0.95 

UN3 2.25 

2008 15 3.11 1.78 4.00 0.96 

2009 10 2.22 1.78 4.44 0.95 

UN4 2.25 

2008 14 2.67 3.56 6.22 0.96 

2009 8 2.22 1.33 2.67 0.95 

Prime 

Hook 

PH01 2.25 

2006 4 NA 2.22 4.44 0.85 

2007 8 4.89 1.78 6.22 0.95 

2008 9 1.78 2.22 3.11 0.95 

2009 6 1.56 1.78 1.78 0.94 

PH02 2.25 

2006 9 2.67 3.11 6.22 0.97 

2007 11 4.00 3.56 6.67 0.90 

2008 9 1.56 2.22 3.56 0.95 

2009 6 2.22 0.00 0.00 0.72 

PH03 1.50 

2006 7 2.67 2.67 8.00 0.97 

2007 10 5.33 2.67 0.00 0.90 

2008 8 2.33 0.67 2.67 0.95 

2009 5 2.00 0.00 0.00 0.72 

PH04  2.25 

2006 0 1.78 0.44 0.00 0.01 

2007 3 0.89 0.00 0.00 NA 

2008 10 0.89 0.00 0.00 NA 

2009 9 1.56 0.44 1.33 1.00 

PH05 1.00 

2006 8 7.00 3.00 0.00 0.95 

2007 8 8.00 2.00 7.00 0.97 

2008 12 3.50 5.00 6.00 0.97 

2009 7 3.50 3.00 8.00 0.96 

PH06 2.25 

2006 9 4.44 5.78 7.11 0.95 

2007 11 5.78 3.56 6.22 0.97 

2008 12 2.44 7.56 12.00 0.97 

2009 11 2.89 3.11 3.56 0.96 
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Refuge Plot 

Plot 

Area 

(ha) 

Year Abundance 

Territory 

density 

(#territories/ha) 

Nest 

density 

(#nests/ha) 

Fledgling 

density 

(#fledglings/ha) 

Daily 

nest 

survival 

PH07 2.25 

2007 0 0.00 0.00 0.00 0.92 

2008 0 0.00 0.00 0.00 0.94 

2009 2 0.00 0.00 0.00 0.00 

PH08 2.25 

2007 0 0.00 0.00 0.00 0.92 

2008 4 0.67 0.44 0.00 0.94 

PH09 2.25 

2007 7 3.11 2.22 1.33 0.92 

2008 10 2.22 1.33 1.33 0.94 

2009 7 2.22 0.44 0.00 0.00 

PH11 1.50 

2007 5 1.33 0.00 0.00 NA 

2008 3 0.33 0.00 0.00 NA 

2009 4 1.00 0.00 0.00 1.00 

PH12 2.25 

2007 8 5.78 3.11 1.78 0.90 

2008 9 2.22 2.67 3.56 0.95 

2009 15 2.22 1.33 0.00 0.72 

PH13 2.25 

2007 5 2.67 2.22 2.67 0.95 

2008 8 2.67 1.78 2.22 0.95 

2009 6 0.89 0.44 0.00 0.94 

PH14 2.00 

2007 4 2.00 0.00 0.00 0.95 

2008 5 1.00 2.00 2.00 0.95 

2009 6 1.50 1.50 2.50 0.94 

PH15 1.00 

2007 5 5.00 2.00 0.00 0.95 

2008 10 4.00 6.00 4.00 0.95 

2009 8 4.50 4.00 7.00 0.94 

PH16 1.88 

2007 5 4.26 3.19 7.98 0.95 

2008 9 1.86 4.79 7.45 0.95 

2009 7 1.60 2.66 2.13 0.94 

PH17 2.25 

2007 13 6.67 3.56 8.00 0.95 

2008 17 3.33 4.89 9.78 0.97 

2009 14 2.89 4.89 8.89 0.96 

PH18 2.25 

2007 14 4.44 6.67 13.33 0.95 

2008 17 2.44 7.11 11.56 0.97 

2009 19 2.67 6.67 10.22 0.96 

PH19 1.00 

2007 10 10.00 6.00 8.00 0.95 

2008 12 4.50 8.00 7.00 0.95 

2009 15 6.00 3.00 4.00 0.94 

PH20 2.25 

2007 10 3.11 1.78 4.44 0.95 

2008 17 2.67 3.56 9.33 0.97 

2009 12 2.67 1.78 0.89 0.96 

 

fledglings, as well as the presence or absence of adults and adult defensive behavior.  The cause 

of nest failure (i.e., predation, abandonment, and flooding) was determined to the greatest extent 

possible.  Nests were considered successful if at least one chick fledged. 

 Located nests were used to determine nest density for each plot.  Nest density (number of 

nests per hectare of marsh) was estimated by dividing the mean number of nests by plot size 

(1.00 – 3.00 ha) (Table 8.7).  Final fledgling counts for each plot were used to calculate fledgling 

density (number of fledglings per hectare of marsh).  We used linear regression to compare nest 

density and fledgling density to sparrow abundance for each plot to determine if there was a 

relationship between the rapid (call-broadcast surveys) and intensive (nest searching and 

monitoring) sampling techniques (Zar 1999). 
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Daily Nest Survival 

 

 Nest monitoring records were used to determine daily nest survival for each marsh unit 

by year (Table 8.7).  Plots were pooled into marsh units due to small nest sample sizes on some 

plots.  Daily nest survival rates were estimated in Program R (R Core Development Team 2010) 

using a logistic-exposure model (Shaffer 2004).  Unlike logistic regression models, the logistic-

exposure model allows for varying exposure periods from when nests are first detected and 

requires no assumptions about when a nest was lost.  Marsh unit daily nest survival rates were 

compared to sparrow abundance estimates for each plot by year using linear regression to 

determine if a relationship existed between rapid (call-broadcast surveys) and intensive (nest 

monitoring and analysis) sampling techniques (Zar 1999). 

Monitoring Simulations 

 

 We used Program MONITOR (Gibbs and Ene 2010) to estimate the power to detect 

changes in the abundance of Clapper Rail, Willet, Seaside Sparrow, and Saltmarsh Sparrow 

within each refuge.  We used the count data from the call-back surveys to estimate the initial 

abundance and the standard deviation in abundance on each point within each refuge (Table 8.8-

Table 8.13).  Program MONITOR uses these values to estimate the power to detect trends of 

different magnitudes given the number of plots sampled in a given survey year, the number of 

visits to each plot within a survey year, and the number and temporal spacing (e.g., annually, 

biannually) of survey years over time.  To determine the effect of the number of surveys in a 10 

year time period, we ran two scenarios for each species in each refuge.  Both scenarios included 

three visits to each point in a survey year.  The first scenario included annual surveys (10 total 

surveys, years 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10) to the same number of points that were established 

in this project while the second scenario included biannual surveys to all the points (5 total 

surveys, years 1, 3, 5, 7, and 9). 

 

Table 8.8. Power to detect a decline in the tidal marsh obligate breeding bird species at 

Bombay Hook NWR with 3 visits to 11 points per survey year for 10 years (α = 0.10).  

Power estimates > 0.90 are shown in bold. 

Annual Decline Clapper 

Rail 

Willet Seaside 

Sparrow 

Saltmarsh 

Sparrow 

-10% 0.92 0.99 1.00 0.94 

-8% 0.83 0.99 1.00 0.84 

-6% 0.65 0.96 0.99 0.65 

-4% 0.36 0.72 0.94 0.36 

-2% 0.15 0.24 0.39 0.14 
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Table 8.9. Power to detect a decline in the tidal marsh obligate breeding bird species at 

Edwin B. Forsythe NWR with 3 visits to 26 points per survey year for 10 years (α = 0.10).  

Power estimates > 0.90 are shown in bold. 

Annual Decline Clapper 

Rail 

Willet Seaside 

Sparrow 

Saltmarsh 

Sparrow 

-10% 0.99, 0.95 0.92, 0.85 1.00, 1.00 1.00, 0.99 

-8% 0.97, 0.91 0.84, 0.70 1.00, 0.99 1.00, 0.99 

-6% 0.88, 0.75 0.67, 0.51 1.00, 0.99 0.99, 0.97 

-4% 0.63, 0.43 0.37, 0.30 0.99, 0.96 0.93, 0.78 

-2% 0.22, 0.16 0.17, 0.17 0.64, 0.45 0.34, 0.27 

 

 

Table 8.10. Power to detect a decline in the tidal marsh obligate breeding bird species at 

Eastern Shore of Virginia NWR with 3 visits to 21 points per survey year for 10 years (α = 

0.10).  Power estimates > 0.90 are shown in bold. 

Annual Decline Clapper 

Rail 

Willet Seaside 

Sparrow 

Saltmarsh 

Sparrow 

-10% 1.00, 0.99 0.99, 0.97 0.97, 0.91 - 

-8% 0.99, 0.99 0.98, 0.94 0.93, 0.81 - 

-6% 0.99, 0.98 0.94, 0.80 0.77, 0.62 - 

-4% 0.96, 0.82 0.68, 0.53 0.47, 0.34 - 

-2% 0.46, 0.35 0.22, 0.20 0.17, 0.17 - 

 

Table 8.11.  Power to detect a decline in the tidal marsh obligate breeding bird species at 

Long Island Sound NWR with 3 visits to 32 points per survey year for 10 years (α = 0.10).  

Power estimates > 0.90 are shown in bold. 

Annual Decline Clapper 

Rail 

Willet Seaside 

Sparrow 

Saltmarsh 

Sparrow 

-10% - 1.00, 1.00 1.00, 0.99 0.99, 0.98 

-8% - 1.00, 1.00 1.00, 0.99 0.99, 0.96 

-6% - 1.00, 1.00 0.99, 0.97 0.98, 0.88 

-4% - 0.99. 0.97 0.95, 0.79 0.76, 0.62 

-2% - 0.67, 0.48 0.42, 0.31 0.27, 0.21 

 

Table 8.12. Power to detect a decline in the tidal marsh obligate breeding bird species at 

Parker River NWR with 3 visits to 29 points per survey year for 10 years (α = 0.10).  Power 

estimates > 0.90 are shown in bold. 

Annual Decline Clapper 

Rail 

Willet Seaside 

Sparrow 

Saltmarsh 

Sparrow 

-10% - 1.00, 1.00 - 0.99, 0.99 

-8% - 1.00, 1.00 - 0.99, 0.99 

-6% - 1.00, 0.99 - 0.98, 0.98 

-4% - 0.99, 0.94 - 0.97, 0.86 

-2% - 0.62, 0.43 - 0.49, 0.38 
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Table 8.13. Power to detect a decline in the tidal marsh obligate breeding bird species at 

Rachel Carson NWR with 3 visits to 21 points for 10 years annually (left value) or every 

other year (right value) (α = 0.10).  Power estimates > 0.90 are shown in bold. 

Annual Decline Clapper 

Rail 

Willet Seaside 

Sparrow 

Saltmarsh 

Sparrow 

-10% - 1.00, 0.99 - 0.99, 0.96 

-8% - 1.00, 0.97 - 0.98, 0.92 

-6% - 0.97, 0.96 - 0.92, 0.79 

-4% - 0.94, 0.78 - 0.68, 0.47 

-2% - 0.38, 0.32 - 0.22, 0.16  

Results 

Clapper Rail 

 Naïve occupancy rates ranged from 0.74 ( 0.08) at two visits to 0.89 ( 0.06) at four 

visits (Table 8.6, Figure 8.3).  This increase represented a 21% difference in calculated occup-

ancy rates.  The occupancy estimate at 8 visits was 0.88 ( 0.04).  Clapper Rail relative abund-

ance ranged from 1.53 ( 1.69) at 2 visits to 2.37 ( 1.71) at 8 visits.  This increase represented a 

56% difference in relative abundance.  The coefficient of variation declined from 1.10 to 0.72. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.2. Occupancy (●) and relative abundance () estimations with 95% confidence 

intervals as functions of number of visits for Clapper Rail, Willet, Saltmarsh Sparrow, and 

Seaside Sparrow. 
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Willet 

Naïve occupancy rates ranged from 0.88 ( 0.05) at four visits to 0.97 ( 0.02) at eight 

visits (Table 8.6, Figure 8.2).  This increase represented a 10% difference in calculated 

occupancy rates.  The occupancy estimate at two visits was 0.91 ( 0.06).  Willet relative 

abundance ranged from 2.54 ( 2.15) at three visits to 4.17 ( 2.63) at eight visits.  This increase 

represented a 64% difference in relative abundance.  The relative abundance estimate at two 

visits was 3.14 ( 2.89).  The coefficient of variation declined from 0.92 to 0.63 from two to 

eight visits. 

Saltmarsh Sparrow 

Naïve occupancy rates ranged from 0.90 ( 0.16) at two visits to 0.96 ( 0.03) at seven 

visits (Table 8.6, Figure 8.3).  This increase represented a 7% difference in calculated occupancy 

rates.  Saltmarsh Sparrow relative abundance ranged from 1.36 ( 1.47) at two visits to 2.48 ( 

1.54) at seven visits, representing a 76% difference in relative abundance.  The coefficient of 

variation declined from 1.08 to 0.62. 

Seaside Sparrow 

 Naïve occupancy rates did not change with number of visits (Table 8.6, Figure 8.3).  

Seaside Sparrow relative abundance ranged from 7.70 ( 3.42) at two visits to 8.93 ( 3.50) at 

sixvisits.  This increase represented a 16% difference in relative abundance.  The coefficient of 

variation declined from 0.48 to 0.39.  Seaside Sparrow abundance was significantly correlated 

with three of the four dependent variables tested (Figure 8.3).  Abundance explained a significant 

proportion of variance in territory density (R
2
 = 0.14, β = 0.38, P = <0.001), nest density (R

2
 = 

0.36, β = 0.60, P = <0.001), and fledgling density (R
2
 = 0.24, β = 0.49, P = <0.001).  Seaside 

Sparrow abundance, however, did not explain a significant proportion of variance in daily nest 

survival rate (R
2
 = 0.01, β = 0.08, P = 0.537, Table 8.7). 

Monitoring Simulations 

We estimated the power to detect 2%, 4%, 6%, 8%, and 10% annual declines in tidal 

marsh bird abundance at each refuge (where a species occurs) based on the rapid call-back 

survey data.  We found that for most species, the sampling effort associated with this project was 

adequate to detect major (50 - 60% total) change in abundance (Table 8.8 - Table 8.13). 

 

Discussion 

 

 There was a consistent pattern in the effect of the number of survey visits on the 

occupancy and relative abundance estimates of each tidal marsh obligate species tested.  Overall, 

occupancy and relative abundance increased as the number of visits increased however there was 

a greater effect of number of visits on differences between relative abundance estimates than 

differences between occupancy estimates.  Life history features of each species allow for easy 

detection in presence-absence surveys.  Willets and Seaside Sparrows are visible, vocal, 

territorial species (Lowther et al. 2001, Post and Greenlaw 2009).  Saltmarsh Sparrows are non-

territorial, however males usually sing from perches and some males continue singing into early 

August (Greenlaw and Rising 1994).  Clapper Rails are usually unseen, but detected by loud 

advertising and territorial vocalizations (Eddleman and Conway 1998).  Call-broadcast surveys 
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have also proven to elicit increased Clapper Rail vocalization (Gibbs and Melvin 1993, Conway 

and Gibbs 2005).  Therefore, if a tidal marsh obligate species individual was present at a site, the 

individual was likely to be detected on the first visit.  As the breeding season progressed and 

more individuals appeared at a site, the site continued to be detected as “occupied” for the 

species.  However, the consistent occupancy estimation gave no indication of the change in 

species abundance from visit to visit.  Abundance estimates may be a more appropriate  

 

Figure 8.3. Linear regressions of Seaside Sparrow intensive metrics, territory density, nest 

density, daily nest survival rate, and fledgling density, vs. the rapid metric abundance. 

 

monitoring technique for non-rare, vocalizing tidal marsh obligate avian species.  

 This research supports the importance of monitoring the abundance of non-rare species 

using a method alternative to site-occupancy estimation.  Occupancy has been used to monitor 

population trends of insects (MacKenzie et al. 2005), reptiles and amphibians (Bailey et al. 2004, 

Roughton and Seddon 2006, Zylstra et al. 2010), mammals (Sullivan et al. 2002, O’Connell et al. 

2006), and birds (Olson et al. 2005, Kroll et al. 2007).  These studies have shown that site-
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occupancy estimation is useful for estimating reliable abundance parameters of rare species and 

species with low detection rates (MacKenzie et al. 2005).  While occupancy may be effective for 

the study of rare species, presence-absence surveys may be hastily employed to make indirect 

inferences about abundance trends of non-rare species due to financial and other program 

constraints (Buckland and Elston 1993, Reunanen et al. 2002), regardless of whether it is 

appropriate to do so.  Empirical evidence suggests that occupancy-abundance relationships are 

generally positive, however the form of these relationships can depend on factors such as mean 

occupancy rate and temporal and spatial variation in abundances (Gaston et al. 2000).  These 

factors can confound the power of presence-absence surveys to detect population trends for some 

species (Rhodes et al. 2006).  The sole use of presence-absence data for non-rare species such as 

tidal marsh obligate birds, could lead to inappropriate conclusions for salt marsh habitat 

management and fail to detect critical changes in bird species abundances. 

 The coefficient of variation (CV) for relative abundance estimates steadily decreased as 

number of visits increased for Clapper Rail, Willet, and Saltmarsh Sparrow, however final CVs 

were still of high variability (CV: 50-100%) (Gibbs et al. 1998).  Seaside Sparrow variability 

remained intermediate throughout (CV: 25-50%).  The variability reflects a mix of natural temp-

oral variations in populations and sampling error related to survey methodology (Link et al. 

1994).  In a comprehensive analysis of variability estimates based on indices of local plant and 

animal populations, the mean CV for small birds was 0.57 (Gibbs et al. 1998).  Most studies of 

small bird populations were based on counts of singing individuals, representing only a portion 

of the population.  For high-variability groups like small birds, a power analysis indicated that 20 

plots counted three times a year for 10 years could detect a trend change of 25%.  Fifty plots 

counted five times a year for 10 years could detect a change of 10%, and so on. CV data can be 

compared to published reference tables, such as the Gibbs et al. (1998) tables, to aid monitoring 

program design. Such comparisons would help determine the optimal number of visits and 

sampling points needed for tidal marsh bird monitoring programs that fall within program 

budgets. 

 Based on the Seaside Sparrow breeding ecology results, positive relationships existed 

between the rapid metric abundance and the intensive avian metrics, nest density, fledgling 

density, and territory density (in decreasing order of correlation).  These relationships support the 

use of Seaside Sparrow abundance as an index of Seaside Sparrow productivity and show how a 

rapid metric can be used to infer intensive metric information.  Financial constraints of mon-

itoring programs can be alleviated by training technicians and volunteers in point-count and call-

broadcast survey methodology to monitor abundance, and simultaneously, an index of breeding 

productivity.  These survey methods are cost-effective, allowing funds to be freed up that would 

have otherwise supported costly, time-consuming intensive sampling methods (i.e., territory 

mapping, nest searching, and nest monitoring and analysis).  Furthermore, Seaside Sparrows are 

highly visible, vocal passerines dependent on salt marshes for all life cycle stages (Post and 

Greenlaw 2009).  They are usually found occupying the lowest, wettest, and muddiest parts of 

smooth cordgrass-dominated marsh in tidal marshes along the Atlantic and Gulf coasts, and are 

often considered an indicator of coastal marsh integrity due to these specific habitat requirements 

(Post and Greenlaw 2009).  Warner et al. (2010) found Seaside Sparrows could be used as a bio-

indicator species of the extent of Hg contamination in tidal marshes along the Delaware Bay.  

The findings in this study provide additional support for the use of Seaside Sparrows as a 

wildlife indicator of salt marsh integrity for comprehensive ecosystem monitoring programs. 
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 Land managers must often ensure that monitoring programs can obtain the necessary 

information to inform management decisions while being conducted on a limited budget with 

minimal staff.  Point-count and call-broadcast surveys can be performed quickly and cheaply by 

trained volunteers to obtain valuable tidal marsh bird abundance information.  Furthermore, 

abundance estimates of the indicator species Seaside Sparrow can provide details regarding 

population trends, insight into temporal and spatial variations of basic demographics, and a 

baseline picture of wildlife response to salt marsh condition.  Avian metrics can be used to mon-

itor salt marsh integrity at national wildlife refuges.  Refuges can use the BCI to assign a single 

monitoring metric to salt marshes to evaluate temporal and spatial changes in avian community 

composition and as an indicator of the ecological condition of the marsh.  The scale can be used 

as an early warning system to monitoring changes in BCI at low and high quality sites and to re-

focus management priorities accordingly, and as a decision-making tool to help support the 

selection of high-quality sites for acquisition and conservation priority purposes.  The BCI may 

further be integrated into a more extensive salt marsh integrity index to monitor eco-system 

condition based on relationships between salt marsh integrity metrics and wildlife response, and 

to provide additional guidance to refuge managers regarding critical management decisions. 

 Tidal marsh bird monitoring programs must gather the information necessary to inform 

management decisions while being executed on a limited budget with minimal staff.  

Technicians and volunteers can be trained in point-count and call-broadcast survey methodology 

to alleviate resource constraints and still obtain required data.  It is recommended that survey 

points are visited four times during the breeding season to obtain relative abundance estimates 

for tidal marsh obligate birds.  The sole use of occupancy estimations for these non-rare species 

is not recommended as such estimations may fail to detect critical changes in species abundances 

and may lead to inappropriate conclusions for salt marsh habitat management.  Furthermore, 

abundance estimates of the species Seaside Sparrow can be used as an index of breeding 

productivity to provide insight regarding population trends and temporal and spatial variations of 

basic demographics.  Cost-effective point-count and call-broadcast surveys can be used to infer 

information otherwise obtained from costly, time-consuming intensive sampling methods (i.e., 

territory mapping, nest searching, and nest monitoring and analysis).  Seaside Sparrow may also 

be used as an indicator of ecosystem health and provide a baseline picture of wildlife response to 

salt marsh condition in refuge ecosystem monitoring programs. 
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Supplemental Information A.  Plant community and habitat type definitions and cover class 

guide used for local covariate information collection at each survey point (see Appendix 2). 

 
Plant Community/Habitat Type Common Features 

S. alterniflora dominated (“low marsh”)  

 Regularly flooded by daily tides  

 Strongly halophytic 

 Dominated by tall form (75cm+) S. alterniflora 

Perennial turf grasses (“high marsh”)  

 Flooded by mean tide or greater 

 Strongly to moderately halophytic  

 Dominated by S. patens, D. spicata, J. gerardii  

 Includes areas of short form S. alterniflora as well as solitary 

forbs such as L. nashii, A. tenuifolius and T. maritimum 

Salt marsh terrestrial border  

 Infrequently flooded by spring and storm tides 

 Moderately halophytic  

 Could include areas of higher elevation on marsh platform 

(commonly islands or linear patches next to excavated ditches) 

 Most common: I. frutescens; S. sempervirens; P. virgatum; A. 

pungens  

Brackish terrestrial border  

 Rarely flooded by tides, but often tidal influenced 

fresh/brackish 

 Not halophytic but tolerant of maritime conditions (spray and 

infrequent pulses) 

 Could include fresher areas of high water table on marsh plain 

 Most common: T. angustifolia, S. robustus, S. pectinata  

 Could include native P. australis if properly identified  

Invasives 
 Invasives such as P. australis and L. salicaria 

 Colonization and spread often result of disturbance 

Pannes, Pools and Creeks  Channels, creeks, ditches, pannes and pools  

Open Water  Larger areas of water: bays, rivers, ponds 

Upland 
 Non-wetland areas of upland that fall into the 100m diameter 

circle; includes land uses of all types (e.g., natural and 

developed)  

 
Cover classes: 

+: Less than 1% 

1: 1% to 5% cover 

2: 6% to 10% cover 

3: 11% to 25% cover 

4: 26% to 50% cover 

5: 51% to 75% cover 

6: 76% to 100% cover 
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Supplemental Information B.  Land cover classifications created from the NOAA Coastal 

Change Analysis Program (C-CAP) land cover classification scheme (NOAA Coastal Services 

Center 2010). 
Land cover C-CAP land cover class C-CAP class definition 

Bare Land Barren Land 

Contains areas of bedrock, desert pavement, scarps, talus, slides, 

volcanic material, glacial debris, sand dunes, strip mines, gravel 

pits, and other accumulations of earth material. Generally, 

vegetation accounts for less than 10 percent of total cover. 

Agriculture 

Cultivated 

Contains areas intensely managed for the production of annual 

crops. Crop vegetation accounts for greater than 20 percent of 

total vegetation. This class also includes all land being actively 

tilled. 

Pasture/Hay 

Contains areas of grasses, legumes, or grass-legume mixtures 

planted for livestock grazing or the production of seed or hay 

crops, typically on a perennial cycle and not tilled. Pasture/hay 

vegetation accounts for greater than 20 percent of total 

vegetation. 

Forest 

Deciduous Forest 

Contains areas dominated by trees generally greater than 5 

meters tall and greater than 20 percent of total vegetation cover. 

More than 75 percent of the tree species shed foliage 

simultaneously in response to seasonal change. 

Evergreen Forest 

Contains areas dominated by trees generally greater than 5 

meters tall and greater than 20 percent of total vegetation cover. 

More than 75 percent of the tree species maintain their leaves all 

year. Canopy is never without green foliage. 

Mixed Forest 

Contains areas dominated by trees generally greater than 5 

meters tall, and greater than 20 percent of total vegetation cover. 

Neither deciduous nor evergreen species are greater than 75 

percent of total tree cover. Both coniferous and broad-leaved 

evergreens are included in this category. 

Developed Open 

Space 
Developed, Open Space 

Contains areas with a mixture of some constructed materials, 

but mostly managed grasses or low-lying vegetation planted in 

developed areas for recreation, erosion control, or aesthetic 

purposes. These areas are maintained by human activity such as 

fertilization and irrigation, are distinguished by enhanced 

biomass productivity, and can be recognized through vegetative 

indices based on spectral characteristics. Constructed surfaces 

account for less than 20 percent of total land cover. 

Estuarine Wetland 

Estuarine Forested 

Wetland 

Includes tidal wetlands dominated by woody vegetation greater 

than or equal to 5 meters in height, and all such wetlands that 

occur in tidal areas in which salinity due to ocean-derived salts 

is equal to or greater than 0.5 percent. Total vegetation coverage 

is greater than 20 percent. 

Estuarine Scrub/Shrub 

Wetland 

Includes tidal wetlands dominated by woody vegetation less 

than 5 meters in height, and all such wetlands that occur in tidal 

areas in which salinity due to ocean-derived salts is equal to or 

greater than 0.5 percent. Total vegetation coverage is greater 

than 20 percent. 

Estuarine Emergent 

Wetland 

Includes all tidal wetlands dominated by erect, rooted, 

herbaceous hydrophytes (excluding mosses and lichens). 

Wetlands that occur in tidal areas in which salinity due to ocean-

derived salts is equal to or greater than 0.5 percent and that are 

present for most of the growing season in most years. Total 
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Land cover C-CAP land cover class C-CAP class definition 

vegetation cover is greater than 80 percent. 

Grassland Grassland/Herbaceous 

Contains areas dominated by grammanoid or herbaceous 

vegetation, generally greater than 80 percent of total vegetation. 

These areas are not subject to intensive management such as 

tilling, but can be utilized for grazing. 

Development 

Developed, High Intensity 

Contains significant land area is covered by concrete, asphalt, 

and other constructed materials. Vegetation, if present, occupies 

< 20 percent of the landscape. Constructed materials account for 

80 to 100 percent of the total cover. This class includes heavily 

built-up urban centers and large constructed surfaces in 

suburban and rural areas with a variety of land uses. 

Developed, Medium 

Intensity 

Contains areas with a mixture of constructed materials and 

vegetation or other cover. Constructed materials account for 50 

to 79 percent of total area. This class commonly includes multi- 

and single-family housing areas, especially in suburban 

neighborhoods, but may include all types of land use. 

Developed, Low Intensity 

Contains areas with a mixture of constructed materials and 

substantial amounts of vegetation or other cover. Constructed 

materials account for 21 to 49 percent of total area. This 

subclass commonly includes single-family housing areas, 

especially in rural neighborhoods, but may include all types of 

land use. 

Palustrine Wetland 

Palustrine Forested 

Wetland 

Includes tidal and nontidal wetlands dominated by woody 

vegetation greater than or equal to 5 meters in height, and all 

such wetlands that occur in tidal areas in which salinity due to 

ocean-derived salts is below 0.5 percent. Total vegetation 

coverage is greater than 20 percent. 

Palustrine Scrub/Shrub 

Wetland 

Includes tidal and nontidal wetlands dominated by woody 

vegetation less than 5 meters in height, and all such wetlands 

that occur in tidal areas in which salinity due to ocean-derived 

salts is below 0.5 percent. Total vegetation coverage is greater 

than 20 percent. Species present could be true shrubs, young 

trees and shrubs, or trees that are small or stunted due to 

environmental conditions. 

Palustrine Emergent 

Wetland (Persistent) 

Includes tidal and nontidal wetlands dominated by persistent 

emergent vascular plants, emergent mosses or lichens, and all 

such wetlands that occur in tidal areas in which salinity due to 

ocean-derived salts is below 0.5 percent. Total vegetation cover 

is greater than 80 percent. Plants generally remain standing until 

the next growing season. 

Scrub/Shrub Scrub/Shrub 

Contains areas dominated by shrubs less than 5 meters tall with 

shrub canopy typically greater than 20 percent of total 

vegetation. This class includes tree shrubs, young trees in an 

early successional stage, or trees stunted from environmental 

conditions. 

Unconsolidated 

Shore 
Unconsolidated Shore 

Includes material such as silt, sand, or gravel that is subject to 

inundation and redistribution due to the action of water. 

Substrates lack vegetation except for pioneering plants that 

become established during brief periods when growing 

conditions are favorable. 

Water Open Water 
Include areas of open water, generally with less than 25 percent 

cover of vegetation or soil. 
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Supplemental Information C.  Bird species detected during call-broadcast surveys and 

corresponding species attribute scores used to calculate species-specific integrity scores (BIspecies) 

for bird community integrity calculations. 

 

Guild Species Scientific Name 
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Cormorants Double-crested Cormorant  Phalacrocorax auritus 2.5 2 1 5.5 

Corvids American Crow  Corvus brachyrhynchos 1 1 1 3 

 Fish Crow Corvus ossifragus 1 1 1 3 

Finches American Goldfinch  Spinus tristis 1 1 1 3 

Gulls and 

Terns 

Black Skimmer Rynchops niger 2.5 1 2.5 6 

Bonaparte's Gull Chroicocephalus philadelphia 2.5 1 1 4.5 

Common Tern Sterna hirundo 3 4 2.5 9.5 

Forster's Tern Sterna forsteri 2.5 1 3.5 7 

Great Black-backed Gull Larus marinus 2.5 2 1 5.5 

Herring Gull Larus argentatus 2.5 3 1 6.5 

Laughing Gull Larus atricilla 1 2.5 1 4.5 

Least Tern Sternula antillarum 2.5 1 3.5 7 

Ring-billed Gull Larus delawarensis 1 1 1 3 

Royal Tern Thalasseus maximus 2.5 1 2.5 6 

Sandwich Tern Thalasseus sandvicensis 2.5 1 3.5 7 

Hawks and 

allies 

Bald Eagle Haliaeetus leucocephalus 1 1 2.5 4.5 

Northern Harrier Circus cyaneus 4 4 1 9 

Osprey Pandion haliaetus 1 1 1 3 

Herons American Bittern Botaurus lentiginosus 4 1 2.5 7.5 

Black-crowned Night-Heron Nycticorax nycticorax 2.5 1 2.5 6 

Cattle Egret Bubulcus ibis 1 2 1 4 

Glossy Ibis Plegadis falcinellus 3 3 3.5 9.5 

Great Blue Heron Ardea herodias 2.5 1 1 4.5 

Great Egret Ardea alba 2.5 1 1 4.5 

Green Heron Butorides virescens 2.5 1 1 4.5 

Least Bittern Ixobrychus exilis 4 2.5 2.5 9 

Little Blue Heron Egretta caerulea 3 2.5 2.5 8 

Snowy Egret Egretta thula 2.5 1 2.5 6 

Tricolored Heron Egretta tricolor 4 2.5 2.5 9 

Yellow-crowned Night-Heron Nyctanassa violacea 2.5 1 2.5 6 

Kingfishers Belted Kingfisher Megaceryle alcyon 2.5 1 1 4.5 

Loons Common Loon Gavia immer 4 4 1 9 

Mimids Gray Catbird Dumetella carolinensis 1 1 2.5 4.5 

New World 

Blackbirds 

and allies 

Boat-tailed Grackle Quiscalus major 1 2.5 1 4.5 

Bobolink Dolichonyx oryzivorus 1 1 1 3 

Common Grackle Quiscalus quiscula 1 1 1 3 

Eastern Meadowlark Sturnella magna 1 1 1 3 

Red-winged Blackbird Agelaius phoeniceus 1 2.5 1 4.5 

Quails Northern Bobwhite Colinus virginianus 1 1 3.5 5.5 

Rails Black Rail Laterallus jamaicensis 4 4 4 12 

Clapper Rail* Rallus longirostris 4 4 3.5 11.5 

Sora Porzana carolina 4 4 2.5 10.5 

Virginia Rail Rallus limicola 4 4 1 9 

Shorebirds American Oystercatcher Haematopus palliatus 4 2 4 10 

 Black-bellied Plover Pluvialis squatarola 2 2 3.5 7.5 

 Black-necked Stilt Himantopus mexicanus 3 2 1 6 

 Dunlin Calidris alpina 2.5 1 3.5 7 

 Greater Yellowlegs Tringa melanoleuca 4 3 3.5 10.5 
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 Least Sandpiper Calidris minutilla 2.5 4 2.5 9 

 Lesser Yellowlegs Tringa flavipes 2.5 2 2.5 7 

 Ruddy Turnstone Arenaria interpres 2.5 1 4 7.5 

 Semipalmated Plover Charadrius semipalmatus 2.5 1 2.5 6 

 Semipalmated Sandpiper Calidris pusilla 2.5 2 3.5 8 

 Short-billed Dowitcher Limnodromus griseus 2.5 2 3.5 8 

 Spotted Sandpiper Actitis macularius 2.5 2 2.5 7 

 Whimbrel Numenius phaeopus 2.5 1 4 7.5 

 Willet* Tringa semipalmata 4 4 3.5 11.5 

 Wilson's Snipe Gallinago delicata 2.5 3 1 6.5 

Sparrows Swamp Sparrow* Melospiza georgiana 4 2.5 3.5 10 

 Nelson's Sparrow* Ammodramus nelsoni 4 4 2.5 10.5 

 Saltmarsh Sparrow* Ammodramus caudacutus 4 4 4 12 

 Savannah Sparrow Passerculus sandwichensis 1 1 1 3 

 Seaside Sparrow* Ammodramus maritimus 4 4 4 12 

 Unknown Sharp-tailed Sparrow 

spp.* 

Ammodramus nelsoni/caudacutus 
4 4 3.25 11.25 

 Song Sparrow Melospiza melodia 1 1 1 3 

Starlings European Starling Sturnus vulgaris 1 1 1 3 

Swallows Barn Swallow Hirundo rustica 1 1 1 3 

 Purple Martin Progne subis 1 1 1 3 

 Tree Swallow Tachycineta bicolor 1 1 1 3 

Tyrant 

Flycatchers 

Eastern Kingbird Tyrannus tyrannus 2.5 1 3.5 7 

Great Crested Flycatcher Myiarchus crinitus 1 1 3.5 5.5 

Willow Flycatcher Empidonax traillii 2 1 3.5 6.5 

Vireos White-eyed Vireo Vireo griseus 1 1 1 3 

Waterfowl American Black Duck Anas rubripes 2.5 2 4 8.5 

 Blue-winged Teal Anas discors 4 2 1 7 

 Canada Goose Branta canadensis 2 1 1 4 

 Common Eider Somateria mollissima 2.5 1 3.5 7 

 Gadwall Anas strepera 4 2 2.5 8.5 

 Hooded Merganser Lophodytes cucullatus 2 1 2.5 5.5 

 Mallard Anas platyrhynchos 1 2.5 3.5 7 

 Mute Swan Cygnus olor 2.5 2 1 5.5 

Wood-

warblers 

Common Yellowthroat Geothlypis trichas 2.5 2.5 1 6 

Yellow Warbler Dendroica petechia 1 1 1 3 

Woodpeckers Northern Flicker Colaptes auratus 1 1 3.5 5.5 

 Yellow-shafted Flicker Colaptes a. auratus 1 1 3.5 5.5 

Wrens Marsh Wren Cistothorus palustris 4 2.5 3.5 10 

 Sedge Wren Cistothorus platensis 2.5 2.5 2.5 7.5 
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Supplemental Information D.  Bird species detected during call-broadcast surveys determined to 

be “edge” species and not included in bird community integrity calculations. 

 

Guild Species Scientific Name 

Cardinals and allies Blue Grosbeak Passerina caerulea 

Indigo Bunting Passerina cyanea 

Northern Cardinal Cardinalis cardinalis 

Chickadees and Titmice Black-capped Chickadee Poecile atricapillus 

Tufted Titmouse Baeolophus bicolor 

Corvids Blue Jay Cyanocitta cristata 

Finches House Finch Carpodacus mexicanus 

Purple Finch Carpodacus purpureus 

Grouse, Quail, and allies Wild Turkey Meleagris gallopavo 

Hawks and allies Cooper's Hawk Accipiter cooperii 

Red-tailed Hawk Buteo jamaicensis 

Sharp-shinned Hawk Accipiter striatus 

Turkey Vulture Cathartes aura 

Hummingbirds Ruby-throated Hummingbird Archilochus colubris 

Mimids Northern Mockingbird Mimus polyglottos 

New World Blackbirds 

and allies 

Baltimore Oriole Icterus galbula 

Brown-headed Cowbird Molothrus ater 

Nuthatches Brown-headed Nuthatch Sitta pusilla 

White-breasted Nuthatch Sitta carolinensis 

Pigeons and Doves Mourning Dove Zenaida macroura 

Rock Pigeon Columba livia 

Shorebirds American-Golden Plover Pluvialis dominica 

Killdeer Charadrius vociferus 

“Peep” N/A 

Sparrows Chipping Sparrow Spizella passerina 

Eastern Towhee Pipilo erythrophthalmus 

Field Sparrow Spizella pusilla 

House Sparrow Passer domesticus 

White-throated Sparrow Zonotrichia albicollis 

Swallows Northern rough-winged Swallow Stelgidopteryx serripennis 

Swifts Chimney Swift Chaetura pelagica 

Thrushes American Robin Turdus migratorius 

Wood Thrush Hylocichla mustelina 

Tyrant Flycatchers Eastern Phoebe Sayornis phoebe 

Eastern Wood-Pewee Contopus virens 

Vireos Red-eyed Vireo Vireo olivaceus 

Warbling Vireo Vireo gilvus 

Waxwings Cedar Waxwing Bombycilla cedrorum 

Wood-warblers 

 

Ovenbird Seiurus aurocapilla 

Pine Warbler Dendroica pinus 

Prairie Warbler Dendroica discolor 

Yellow-breasted Chat Icteria virens 

Woodpeckers Downy Woodpecker Picoides pubescens 

Red-bellied Woodpecker Melanerpes carolinus 

Red-headed Woodpecker Melanerpes erythrocephalus 

Wrens 

 

Carolina Wren Thryothorus ludovicianus 

House Wren Troglodytes aedon 

Winter Wren Troglodytes troglodytes 
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Appendix 9. Salt Marsh Integrity Metrics - Individual Refuge Summaries 

 

Data from each refuge involved in the Salt Marsh Integrity Study, 2008 – 2009, are summarized 

on the following pages by refuge, Marsh Study Unit (MSU), and year. MSU boundaries and 

sampling locations are identified on maps in Appendix 1. Metric data types are organized within 

attribute sets identified for monitoring through the SDM process. A table of metric definitions 

precedes the data tables. All landscape-scale metrics (metrics within categories of Historical 

condition and geomorphic setting, Ditch density, Surrounding land use, and Ratio of open water 

area: vegetation area) and Marsh surface elevation were measured only once; values are repeated 

in 2008 and 2009 summary tables for consistency. Within tables, “nd” indicates no data were 

collected. In general, metrics with multiple samples are represented by means over all samples 

within a MSU. Standard deviations (SD) for means are included where applicable. 

 

List of Tables 

 

Table 9.1.  Final list of metrics recommended for Monitoring NWRS Salt Marsh Integrity. 

Table 9.2. Metric values for Rachel Carson NWR 2008. 

Table 9.3. Metric values for Rachel Carson NWR 2009. 

Table 9.4. Metric values for Parker River NWR 2008. 

Table 9.5. Metric values for Parker River NWR 2009. 

Table 9.6. Metric values for Rhode Island NWR Complex 2009. 

Table 9.7. Metric values for S. B. McKinney NWR 2009. 

Table 9.8. Metric values for Wertheim NWR 2008. 

Table 9.9. Metric values for Wertheim NWR 2009. 

Table 9.10. Metric values for E. B. Forsythe NWR 2008. 

Table 9.11. Metric values for E. B. Forsythe NWR 2009. 

Table 9.12. Metric values for Bombay Hook NWR 2008. 

Table 9.13. Metric values for Bombay Hook NWR 2009. 

Table 9.14. Metric values for Prime Hook NWR 2008-2009. 

Table 9.15. Metric values for Eastern Shore VA NWR Complex 2008. 

Table 9.16. Metric values for Eastern Shore VA NWR Complex 2009.
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Table 9.1.  Final list of metrics recommended for Monitoring NWRS Salt Marsh Integrity. 

 

Metric Definition 

Historical condition and geomorphic setting 

 

Landscape_position Landscape position: 1 (marine), 2 (middle-estuary), 3 (upper-estuary) 

 

Shape Shape: 1 (expansive meadow), 2 (narrow fringing marsh) 

 

Fill_frag Fill/fragmentation: 1 (no), 2 (low), 3 (moderate), 4 (severe) 

 

Tidal_flushing Tidal flushing: 1 (well flushed), 2 (moderately flushed), 3 (poorly flushed) 

 

Aquatic_edge Aquatic edge: 1 (low), 2 (moderate), 3 (high) 

Ditch density 

 

 

Ditch_density Ordinal ranking of ditch density: 1 (no), 2 (low), 3 (moderate), 4 (severe) 

Surrounding land-use 

 

 

Ag_relative % agricultural land in 150m buffer * (area of buffer/area of MSU) 

 

Natural_150m_relative % natural land in 150m buffer * (area of buffer/area of MSU) 

 

Natural_1km_relative % natural land in 1 km buffer * (area of buffer/area of MSU) 

Ratio of open water area : vegetation area 

 

OW_Veg_withinUnit Ratio of open water to emergent herbaceous wetlands within MSU 

Marsh surface elevation 

 

 

Elevation Elevation referenced to NAVD88 

Tidal range/groundwater level 

 

 

%_flooded % of time marsh surface was flooded during datalogger deployment 

 

Mean_Flood_Depth Mean Flood Depth (cm) during datalogger deployment 

Salinity 

 

 

Rapid_Salinity Salinity measured in surface water 

Vegetation community 

 

 

Rapid_Veg_SpRich Vegetation species richness using rapid point-intercept method in survey plots 

 

RA_Brack_Terr_Border % cover of Brackish Terrestrial Border community (rapid survey plot method) 

 

RA_Open_Water % cover of Open Water (rapid survey plot method) 

 

RA_Pannes_Pools_Creeks % cover of Pannes, Pools, & Creeks (rapid survey plot method) 

 

RA_High_Marsh % cover of High Marsh community (rapid survey plot method) 

 

RA_Low_Marsh % cover of Low Marsh community (rapid survey plot method) 

 

RA_Salt_Marsh_Terr_Border % cover of Salt Marsh Terrestrial Border community (rapid survey plot method) 

 

RA_Upland % cover of Upland community (rapid survey plot method) 

Invasive species abundance 

 

 

RA_Invasives % cover of Invasive Plant Species (rapid survey plot method) 

Nekton community 

 

 

Nekton_Density Nekton density (ind m
-2

) using throw traps and ditch nets  

 

Nekton_SpRich Nekton species richness using throw traps and ditch nets 

 

Fundulus_Length Fundulus heteroclitus length (mm) captured in throw traps and ditch nets 

Breeding bird community 

 

 

Willet_Abundance Abundance of Willets counted per point during standard call-broadcast surveys 

  

TMO_Abundance Summed abundance of tidal marsh obligate species counted per point during  

standard call-broadcast surveys: Clapper Rail, Willet, Saltmarsh Sparrow, Seaside 

Sparrow  
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Table 9.2. Metric values for Rachel Carson NWR 2008. “nd” indicates no data were 

collected. 

 

      2008 

   

Little River 

Ditched 

Lower Wells 

Ref 

Lower Wells 

Tidal 

Upper Wells 

Ref 

Upper Wells 

Tidal 

Metric   Mean SD Mean SD Mean SD Mean SD Mean SD 

Historical condition & geomorphic setting 

         

 

Landscape_position 

 
1 

 
2 

 
3 

 
1 

 
2 

 

 

Shape 

 
1 

 
1 

 
1 

 
1 

 
1 

 

 

Fill_frag 

 
1 

 
1 

 
1 

 
1 

 
1 

 

 

Tidal_flushing 

 
1 

 
1 

 
2 

 
1 

 
2 

 

 

Aquatic_edge 

 
1 

 
1 

 
1 

 
1 

 
1 

 Ditch density 

           

 

Ditch_density 

 
3 

 
1 

 
1 

 
1 

 
1 

 Surrounding land-use 

           

 

Ag_relative 

 
0.00 

 
2.17 

 
4.81 

 
1.55 

 
0.00 

 

 

Natural_150m_relative 

 
237 

 
59.7 

 
64.7 

 
44.6 

 
31.5 

 

 

Natural_1km_relative 

 
2806 

 
912 

 
894 

 
371 

 
401 

 Ratio of open water area : vegetation area 

         

 

OW_Veg_withinUnit 

 
0.00 

 
0.04 

 
0.00 

 
0.04 

 
0.01 

 Marsh surface elevation 

           

 

Elevation 

 
1.36 

 
nd 

 
nd 

 
1.35 

 
1.46 

 Tidal range/groundwater level 

           

 

%_flooded 

 
41.4 

 
48.3 

 
5.01 

 
13.5 

 
1.38 

 

 

Mean_Flood_Depth 

 
3.19 1.42 1.52 1.33 6.18 4.79 8.84 6.38 7.92 6.48 

Salinity 

           

 

Rapid_Salinity  

 
22.5 3.29 22.0 2.59 25.8 4.28 22.5 8.23 24.4 1.21 

Vegetation community 

           

 

Rapid_Veg_SpRich 

 
5.00 0.00 7.75 2.87 6.75 0.96 4.33 1.37 5.40 1.14 

 

RA_Brack_Terr_Border 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

RA_Open_Water 

 
9.00 12.7 0.75 1.19 2.00 4.00 3.00 7.35 3.60 8.05 

 

RA_Pannes_Pools_Creeks 

 
8.00 0.00 9.63 9.72 8.50 7.37 16.9 16.1 9.40 8.32 

 

RA_High_Marsh 

 
52.8 49.1 68.8 23.9 68.8 12.5 62.5 22.4 77.5 13.7 

 

RA_Low_Marsh 

 
9.25 12.4 4.63 8.92 11.6 7.70 11.2 7.75 1.60 1.25 

 

RA_Salt_Marsh_Terr_Border 

 
0.00 0.00 6.63 8.42 0.00 0.00 0.00 0.00 0.10 0.22 

 

RA_Upland 

 
0.00 0.00 4.50 9.00 0.00 0.00 0.00 0.00 0.00 0.00 

Invasive species abundance 

 
                     

 

RA_Invasives 

 
0.00 0.00 0.13 0.25 0.00 0.00 0.00 0.00 0.00 0.00 

Nekton community 

           

 

Nekton_SpRich 

 
2.00 1.00 2.40 1.67 1.88 0.99 1.50 1.00 1.00 0.00 

 

Nekton_Density 

 
16.7 11.9 46.4 35.6 4.33 4.92 1.80 2.75 0.18 0.35 

 

Fundulus_Length 

 
39.6 14.8 34.5 9.35 46.1 17.9 35.8 7.03 33.0 4.24 

Breeding bird community 

           

 

Willet_Abundance 

 
8.63 5.75 0.87 1.74 4.11 3.94 7.89 5.58 10.1 6.50 

 

TMO_Abundance 

 
8.59 4.32 3.78 2.87 8.09 4.37 6.08 3.70 11.1 5.17 
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Table 9.3. Metric values for Rachel Carson NWR 2009. “nd” indicates no data were 

collected. 

 

      2009 

   

Little River 

Ditched 

Lower 

Wells Ref 

Lower Wells 

Tidal 

Upper Wells 

Ref 

Upper Wells 

Tidal 

Metric   Mean SD Mean SD Mean SD Mean SD Mean SD 

Historical condition & geomorphic setting 

         

 

Landscape_position 

 
1 

 
2 

 
3 

 
1 

 
2 

 

 

Shape 

 
1 

 
1 

 
1 

 
1 

 
1 

 

 

Fill_frag 

 
1 

 
1 

 
1 

 
1 

 
1 

 

 

Tidal_flushing 

 
1 

 
1 

 
2 

 
1 

 
2 

 

 

Aquatic_edge 

 
1 

 
1 

 
1 

 
1 

 
1 

 Ditch density 

           

 

Ditch_density 

 
3 

 
1 

 
1 

 
1 

 
1 

 Surrounding land-use 

           

 

Ag_relative 

 
0.00 

 
2.17 

 
4.81 

 
1.55 

 
0.00 

 

 

Natural_150m_relative 

 
237 

 
59.7 

 
64.7 

 
44.6 

 
31.5 

 

 

Natural_1km_relative 

 
2806 

 
912 

 
894 

 
371 

 
401 

 Ratio of open water area : vegetation area 

         

 

OW_Veg_withinUnit 

 
0.00 

 
0.04 

 
0.00 

 
0.04 

 
0.01 

 Marsh surface elevation 

           

 

Elevation 

 
1.36 

 
nd 

 
nd 

 
1.35 

 
1.46 

 Tidal range/groundwater level 

           

 

%_flooded 

 
10.0 

 
46.1 

 
16.3 

 
7.24 

 
11.4 

 

 

Mean_Flood_Depth 

 
9.11 7.24 1.63 1.80 3.59 4.83 15.5 10.2 4.19 4.67 

Salinity 

           

 

Rapid_Salinity  

 
nd 

 
nd 

 
nd 

 
23.0 6.35 19.9 5.20 

Vegetation community 

           

 

Rapid_Veg_SpRich 

 
4.33 1.53 3.50 1.73 5.75 1.71 4.00 1.26 4.80 0.84 

 

RA_Brack_Terr_Border 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.22 

 

RA_Open_Water 

 
12.5 21.7 5.13 8.66 9.38 18.8 7.75 8.46 3.70 8.00 

 

RA_Pannes_Pools_Creeks 

 
5.50 4.33 10.5 5.00 15.1 16.6 5.50 3.87 4.70 7.52 

 

RA_High_Marsh 

 
70.8 28.9 68.8 12.5 57.6 35.4 70.8 12.9 82.5 11.2 

 

RA_Low_Marsh 

 
8.67 9.02 9.13 6.46 6.38 7.75 13.4 7.49 3.90 3.83 

 

RA_Salt_Marsh_Terr_Border 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

RA_Upland 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Invasive species abundance 

 
                     

 

RA_Invasives 

 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Nekton community 

           

 

Nekton_SpRich 

 
nd 

 
nd 

 
nd 

 
2.00 1.24 3.15 1.68 

 

Nekton_Density 

 
nd 

 
nd 

 
nd 

 
14.4 21.49 16.27 20.38 

 

Fundulus_Length 

 
nd 

 
nd 

 
nd 

 
30.2 9.073 26.61 10.07 

Breeding bird community 

           

 

Willet_Abundance 

 
0.00 0.00 4.36 4.76 4.62 4.79 9.54 7.53 14.0 9.32 

 

TMO_Abundance 

 
0.00 0.00 5.36 3.67 5.27 3.66 4.31 3.28 10.0 5.14 
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Table 9.4. Metric values for Parker River NWR 2008. “nd” indicates no data were 

collected. 

 

      2008   

      

GRAPE 

ISLAND 

NELSON'S 

ISLAND OMWM   

Metric   Mean SD Mean SD Mean SD   

Historical condition & geomorphic setting                 

 

Landscape_position   1   1   2     

 

Shape   1   1   1     

 

Fill_frag   1   1   1     

 

Tidal_flushing   1   1   1     

 

Aquatic_edge   1   2   1     

Ditch density                 

 

Ditch_density   2   4   3     

Surrounding land-use                 

 

Ag_relative   0.00   0.00   0.00     

 

Natural_150m_relative   91.4   81.3   121     

 

Natural_1km_relative   883   815   1152     

Ratio of open water area : vegetation area                 

 

OW_Veg_withinUnit   0.20   0.06   0.12     

Marsh surface elevation                 

 

Elevation   1.36   1.31   1.50     

Tidal range/groundwater level                 

 

%_flooded   73.6   74.1   57.7     

 

Mean_Flood_Depth   2.74 1.84 4.12 1.58 0.81 0.93   

Salinity                 

 

Rapid_Salinity    20.5 2.92 13.1 6.29 8.56 6.90   

Vegetation community                 

 

Rapid_Veg_SpRich   3.50 1.00 3.25 0.50 5.25 1.71   

 

RA_Brack_Terr_Border   0.00 0.00 0.00 0.00 0.00 0.00   

 

RA_Open_Water   0.00 0.00 0.00 0.00 0.00 0.00   

 

RA_Pannes_Pools_Creeks   16.5 15.4 10.5 5.00 7.75 7.31   

 

RA_High_Marsh   75.0 14.4 68.8 12.5 81.3 12.5   

 

RA_Low_Marsh   11.1 8.51 7.25 7.84 3.88 2.75   

 

RA_Salt_Marsh_Terr_Border   0.00 0.00 3.25 3.38 0.00 0.00   

 

RA_Upland   0.00 0.00 10.0 18.4 0.00 0.00   

Invasive species abundance                

 

RA_Invasives   0.00 0.00 2.63 3.77 0.13 0.25   

Nekton community                 

 

Nekton_SpRich   2.50 0.53 1.78 0.83 1.63 1.19   

 

Nekton_Density   42.0 39.0 25.7 36.3 5.89 6.10   

 

Fundulus_Length   29.1 8.7 35.1 11.3 34.9 13.2   

Breeding bird community                 

 

Willet_Abundance   14.5 8.50 24.0 7.71 16.9 9.46   

 

TMO_Abundance   14.3 6.19 19.2 7.47 27.6 7.79   
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Table 9.5. Metric values for Parker River NWR 2009. “nd” indicates no data were 

collected. 

 

      2009 

      

GRAPE 

ISLAND 

NELSON'S 

ISLAND OMWM 

Metric   Mean SD Mean SD Mean SD 

Historical condition & geomorphic setting               

 

Landscape_position   1   1   2   

 

Shape   1   1   1   

 

Fill_frag   1   1   1   

 

Tidal_flushing   1   1   1   

 

Aquatic_edge   1   2   1   

Ditch density               

 

Ditch_density   2   4   3   

Surrounding land-use               

 

Ag_relative   0.00   0.00   0.00   

 

Natural_150m_relative   91.4   81.3   121   

 

Natural_1km_relative   883   815   1152   

Ratio of open water area : vegetation area               

 

OW_Veg_withinUnit   0.20   0.06   0.12   

Marsh surface elevation               

 

Elevation   1.36   1.31   1.50   

Tidal range/groundwater level               

 

%_flooded   58.3   30.6   32.5   

 

Mean_Flood_Depth   1.45 1.58 8.41 8.75 1.12 1.68 

Salinity               

 

Rapid_Salinity    39.0 16.8 nd   13.7 1.33 

Vegetation community               

 

Rapid_Veg_SpRich   3.00 0.82 3.25 0.96 4.75 1.71 

 

RA_Brack_Terr_Border   0.00 0.00 0.00 0.00 0.00 0.00 

 

RA_Open_Water   0.00 0.00 2.63 3.77 0.00 0.00 

 

RA_Pannes_Pools_Creeks   22.9 9.75 7.75 7.31 15.1 16.6 

 

RA_High_Marsh   75.0 14.4 68.8 12.5 81.3 12.5 

 

RA_Low_Marsh   31.0 38.6 68.8 12.5 14.6 17.1 

 

RA_Salt_Marsh_Terr_Border   0.00 0.00 4.63 4.03 0.00 0.00 

 

RA_Upland   0.00 0.00 12.0 17.3 0.00 0.00 

Invasive species abundance                

 

RA_Invasives   0.00 0.00 5.75 8.25 0.63 1.25 

Nekton community               

 

Nekton_SpRich   3.60 2.30 nd   2.17 1.33 

 

Nekton_Density   15.8 1.40 nd   25.2 35.1 

 

Fundulus_Length   39.5 17.2 nd   35.7 16.1 

Breeding bird community               

 

Willet_Abundance   3.08 3.97 14.6 10.6 15.3 10.3 

 

TMO_Abundance   3.78 2.99 9.41 5.07 11.6 5.69 
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 Table 9.6. Metric values for Rhode Island NWR Complex 2009. “nd” indicates no data 

were collected. 

 

      2009 

      

Chafee 

North Chafee South 

Chafee 

Southeast Sachuest 

Metric   Mean SD Mean SD Mean SD Mean SD 

Historical condition & geomorphic setting                 

  Landscape_position   2   2   2   1   

  Shape   2   2   2   1   

  Fill_frag   1   1   1   1   

  Tidal_flushing   1   1   1   2   

  Aquatic_edge   3   3   2   1   

Ditch density                   

  Ditch_density   4   4   4   4   

Surrounding land-use                   

  Ag_relative   13.7   0.00   0.00   2.27   

  Natural_150m_relative   328   342   351   367   

  Natural_1km_relative   4009   2510   4789   8146   

Ratio of open water area : vegetation area                 

  OW_Veg_withinUnit   0.00   0.11   0.00   0.00   

Marsh surface elevation                   

  Elevation   0.45   0.48   nd   0.58   

Tidal range/groundwater level                   

  %_flooded   2.38   1.35   nd   10.6   

  Mean_Flood_Depth   5.20 4.91 5.61 5.06 nd   4.91 4.05 

Salinity                   

  Rapid_Salinity    15.2 4.41 19.6 4.10 nd   22.6 6.95 

Vegetation community                   

  Rapid_Veg_SpRich   2.50 0.71 2.25 1.26 2.00   6.00   

  RA_Brack_Terr_Border   0.00 0.00 9.63 9.72 0.00   0.00   

  RA_Open_Water   0.00 0.00 0.13 0.25 0.00   0.00   

  RA_Pannes_Pools_Creeks   13.0 7.07 27.6 27.9 3.00   2.50   

  RA_High_Marsh   87.5 0.00 55.1 33.6 87.5   62.5   

  RA_Low_Marsh   5.25 3.89 7.25 7.84 8.00   18.0   

  RA_Salt_Marsh_Terr_Border   0.00 0.00 0.75 1.19 2.50   18.0   

  RA_Upland   0.25 0.35 4.63 8.92 8.00   0.50   

Invasive species abundance                  

  RA_Invasives   0.00 0.00 0.75 1.19 8.00   2.50   

Nekton community                   

  Nekton_SpRich   4.50 3.54 2.33 0.58 nd   3.00 1.41 

  Nekton_Density   16.4 17.9 23.4 16.1 nd   12.1 9.79 

  Fundulus_Length   31.4 6.27 34.7 5.63 nd   29.8 8.22 

Breeding bird community                   

  Willet_Abundance   11.0 7.59 9.88 7.43 9.25 6.66 0.00 0.01 

  TMO_Abundance   9.10 4.70 10.7 5.32 8.00 4.40 17.4 6.62 
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Table 9.7. Metric values for S. B. McKinney NWR 2009. “nd” indicates no data were 

collected. 

 

                                        2009 

      GMU 

SMU Grid 

Ditched 1 

SMU Grid 

Ditched 2 

SMU Grid 

Ditched 3 

SMU 

OMWM 

Metric   Mean SD Mean SD Mean SD Mean SD Mean SD 

Historical condition & geomorphic setting                   

  Landscape_position   1   2   2   2   2   

  Shape   1   2   1   1   2   

  Fill_frag   2   1   1   2   1   

  Tidal_flushing   1   1   1   1   1   

  Aquatic_edge   2   2   2   2   2   

Ditch density                       

  Ditch_density   3   4   4   4   4   

Surrounding land-use                       

  Ag_relative   0.69   0.00   0.00   0.00   0.00   

  Natural_150m_relative   40.7   640   502   240   440   

  Natural_1km_relative   281   8452   6725   2701   4254   

Ratio of open water area : vegetation area                     

  OW_Veg_withinUnit   0.11   0.00   0.00   0.16   0.00   

Marsh surface elevation                       

  Elevation   nd   nd   nd   nd   nd   

Tidal range/groundwater level                       

  %_flooded   nd   nd   nd   nd   nd   

  Mean_Flood_Depth   nd   nd   nd   nd   nd   

Salinity                       

  Rapid_Salinity    nd   nd   nd   nd   13.7 6.52 

Vegetation community                       

  Rapid_Veg_SpRich   2.50 0.71 3.00   2.00   3.50 0.71 3.00 0.00 

  RA_Brack_Terr_Border   1.80 5.69 0.00   0.00   0.00 0.00 0.00 0.00 

  RA_Open_Water   21.8 19.3 0.00   2.50   1.50 1.41 1.25 1.80 

  RA_Pannes_Pools_Creeks   4.25 5.68 2.50   2.50   8.00 0.00 5.25 3.89 

  RA_High_Marsh   18.6 19.0 87.5   87.5   75.0 17.7 87.5 0.00 

  RA_Low_Marsh   54.6 24.6 8.00   8.00   8.00 0.00 5.25 3.89 

  RA_Salt_Marsh_Terr_Border   0.55 1.04 0.00   0.00   9.00 12.7 5.25 3.89 

  RA_Upland   0.80 2.53 0.00   0.00   0.00 0.00 0.00 0.00 

Invasive species abundance                        

  RA_Invasives   0.35 0.78 0.00   0.00   0.00 0.00 0.25 0.35 

Nekton community                       

  Nekton_SpRich   nd   nd   nd   nd   1.25 0.50  

  Nekton_Density   nd   nd   nd   nd   45.0 76.7 

  Fundulus_Length   nd   nd   nd   nd   26.3 8.68 

Breeding bird community                       

  Willet_Abundance   6.18 6.10 25.6 7.57 25.7 7.53 11.1 7.61 20.6 9.66 

  TMO_Abundance   10.6 5.56 22.7 7.61 22.4 7.60 5.10 3.49 11.6 5.53 
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Table 9.8. Metric values for Wertheim NWR 2008. “nd” indicates no data were collected. 

 

      2008 

      

Eastern 

North 

Eastern 

South 

Northern 

Unit 

Western 

Unit 

Metric   Mean SD Mean SD Mean SD Mean SD 

Historical condition & geomorphic setting                 

  Landscape_position   1   1   1   1   

  Shape   1   1   1   1   

  Fill_frag   1   1   1   1   

  Tidal_flushing   1   1   1   1   

  Aquatic_edge   1   1   2   2   

Ditch density                   

  Ditch_density   4   4   4   4   

Surrounding land-use                   

  Ag_relative   0.00   0.00   0.00   2.03   

  Natural_150m_relative   149   123   114   93.2   

  Natural_1km_relative   1310   1158   1040   913   

Ratio of open water area : vegetation area                 

  OW_Veg_withinUnit   0.01   0.00   0.01   0.00   

Marsh surface elevation                   

  Elevation   0.20   0.27   0.57   0.18   

Tidal range/groundwater level                   

  %_flooded   43.6   67.2   11.6   73.9   

  Mean_Flood_Depth   5.97 3.95 2.98 2.06 2.99 2.79 3.38 2.97 

Salinity                   

  Rapid_Salinity    nd   4.80 4.15 14.3 11.5 nd   

Vegetation community                   

  Rapid_Veg_SpRich   3.50 1.29 6.00 1.00 4.75 1.71 3.50 0.71 

  RA_Brack_Terr_Border   21.9 43.8 8.67 9.02 31.3 36.1 0.00 0.00 

  RA_Open_Water   9.00 10.4 2.67 4.62 0.00 0.00 0.00 0.00 

  RA_Pannes_Pools_Creeks   5.75 8.25 12.8 8.95 16.5 15.4 5.75 8.25 

  RA_High_Marsh   43.8 50.5 36.0 27.3 35.8 31.8 87.5 0.00 

  RA_Low_Marsh   21.9 43.8 0.00 0.00 0.63 1.25 0.00 0.00 

  RA_Salt_Marsh_Terr_Border   0.63 1.25 0.00 0.00 0.00 0.00 0.00 0.00 

  RA_Upland   0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Invasive species abundance                    

  RA_Invasives   0.13 0.25 31.8 48.4 22.1 27.9 0.63 1.25 

Nekton community                   

  Nekton_SpRich   nd   1.40 0.55 2.67 1.21 nd   

  Nekton_Density   nd   3.93 2.77 25.5 36.7 nd   

  Fundulus_Length   nd   22.9 5.0 36.1 13.4 nd   

Breeding bird community                   

  Willet_Abundance   14.7 8.34 13.3 7.85 15.2 8.28 14.8 8.43 

  TMO_Abundance   12.9 5.74 10.7 5.11 12.9 5.61 24.2 7.50 

                      

 

 

 



213 

 

 

Table 9.9. Metric values for Wertheim NWR 2009. “nd” indicates no data were collected. 

 

      2009 

      

Eastern 

North 

Eastern 

South 

Northern 

Unit 

Western 

Unit 

Metric   Mean SD Mean SD Mean SD Mean SD 

Historical condition & geomorphic setting                 

  Landscape_position   1   1   1   1   

  Shape   1   1   1   1   

  Fill_frag   1   1   1   1   

  Tidal_flushing   1   1   1   1   

  Aquatic_edge   1   1   2   2   

Ditch density                   

  Ditch_density   4   4   4   4   

Surrounding land-use                   

  Ag_relative   0.00   0.00   0.00   2.03   

  Natural_150m_relative   149   123   114   93.2   

  Natural_1km_relative   1310   1158   1040   913   

Ratio of open water area : vegetation area                 

  OW_Veg_withinUnit   0.01   0.00   0.01   0.00   

Marsh surface elevation                   

  Elevation   0.20   0.27   0.57   0.18   

Tidal range/groundwater level                   

  %_flooded   33.6   9.89   1.43   11.9   

  Mean_Flood_Depth   5.35 3.90 3.63 3.14 4.63 3.74 3.18 2.51 

Salinity                   

  Rapid_Salinity    nd   2.99 4.57 nd   nd   

Vegetation community                   

  Rapid_Veg_SpRich   4.75 2.99 5.75 1.50 4.25 1.71 3.50 1.00 

  RA_Brack_Terr_Border   0.00 0.00 15.9 16.2 0.00 0.00 0.00 0.00 

  RA_Open_Water   14.5 17.3 4.50 9.00 0.63 1.25 9.38 18.8 

  RA_Pannes_Pools_Creeks   0.75 1.19 3.88 2.75 9.00 10.4 6.63 2.75 

  RA_High_Marsh   53.1 37.3 45.1 29.7 62.5 20.4 75.0 25.0 

  RA_Low_Marsh   2.63 3.77 4.00 4.62 23.3 18.0 4.63 4.03 

  RA_Salt_Marsh_Terr_Border   0.00 0.00 8.50 7.37 14.0 17.8 0.63 1.25 

  RA_Upland   0.00 0.00 0.75 1.19 0.13 0.25 0.00 0.00 

Invasive species abundance                    

  RA_Invasives   28.5 40.0 7.75 7.31 23.4 17.8 4.63 8.90 

Nekton community                   

  Nekton_SpRich   nd   1.33 0.52 nd   1.00 0.00 

  Nekton_Density   nd   39.4 59.1 nd   5.45 8.72 

  Fundulus_Length   nd   29.5 6.91 nd   17.9 5.62 

Breeding bird community                   

  Willet_Abundance   11.8 9.01 14.1 9.67 14.2 10.0 18.2 11.9 

  TMO_Abundance   10.8 5.57 9.04 4.85 14.8 6.69 23.2 8.74 
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Table 9.10. Metric values for E. B. Forsythe NWR 2008. “nd” indicates no data were 

collected. 

 

      2008 

      ATT-Ditched ATT-OMWM Barnegat 

Mullica-

Ditched 

Mullica-

Wilderness 

Metric   Mean SD Mean SD Mean SD Mean SD Mean SD 

Historical condition & geomorphic setting                   

  Landscape_position   3   3   nd   1   1   

  Shape   1   1   nd   1   1   

  Fill_frag   1   1   nd   1   1   

  Tidal_flushing   1   1   nd   1   1   

  Aquatic_edge   1   1   nd   2   2   

Ditch density                       

  Ditch_density   4   4   nd   4   1   

Surrounding land-use                       

  Ag_relative   0.28   22.9   nd   0.00   0.00   

  Natural_150m_relative   151   165   nd   46.2   35.5   

  Natural_1km_relative   1787   2439   nd   359   241   

Ratio of open water area : vegetation area                   

  OW_Veg_withinUnit   0.00   0.00   nd   0.04   0.08   

Marsh surface elevation                       

  Elevation   0.26   0.29   nd   nd   nd   

Tidal range/groundwater level                       

  %_flooded   50   67.8   nd   nd   nd   

  Mean_Flood_Depth   0.97 1.54 1.88 2.49 nd   nd   nd   

Salinity                       

  Rapid_Salinity    25.1 4.18 20.0 2.64 31.8 3.73 25.8 2.15 25.8 6.83 

Vegetation community                       

  Rapid_Veg_SpRich   3.00 0.00 2.33 0.58 2.00   4.00   4.00  

  RA_Brack_Terr_Border   6.63 8.42 0.33 0.29 8.00   0.50   0.00  

  RA_Open_Water   0.25 0.29 0.33 0.29 0.50   0.50   0.00  

  RA_Pannes_Pools_Creeks   14.0 15.9 18.0 0.00 37.5   8.00   8.00  

  RA_High_Marsh   57.6 28.9 45.8 14.4 87.5   87.5   87.5  

  RA_Low_Marsh   26.6 41.4 21.8 35.2 2.50   2.50   18.0  

  RA_Salt_Marsh_Terr_Border   9.00 10.4 9.50 7.86 8.00   0.50   0.00  

  RA_Upland   0.38 0.25 0.33 0.29 0.50   0.50   0.00  

Invasive species abundance                      

  RA_Invasives   0.13 0.25 1.00 1.323 0.50   0.50   18.0  

Nekton community                       

  Nekton_SpRich   2.50 1.27 2.90 0.99 3.22 0.97 2.11 0.93 2.67 1.73 

  Nekton_Density   42.9 68.3 39.2 47.1 35.9 25.0 13.3 17.0 18.2 20.2 

  Fundulus_Length   34.9 10.9 24.8 8.30 24.5 12.3 31.7 10.9 26.3 6.98 

Breeding bird community                       

  Willet_Abundance   nd   nd   nd   nd   nd   

  TMO_Abundance   nd   nd   nd   nd   nd   
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Table 9.11. Metric values for E. B. Forsythe NWR 2009. “nd” indicates no data were 

collected. 

 

      2009 

      ATT-Ditched 

ATT-

OMWM Barnegat 

Mullica-

Ditched 

Mullica-

Wilderness 

Metric   Mean SD Mean SD Mean SD Mean SD Mean SD 

Historical condition & geomorphic setting                   

  Landscape_position   3   3   nd   1   1   

  Shape   1   1   nd   1   1   

  Fill_frag   1   1   nd   1   1   

  Tidal_flushing   1   1   nd   1   1   

  Aquatic_edge   1   1   nd   2   2   

Ditch density                       

  Ditch_density   4   4   nd   4   1   

Surrounding land-use                       

  Ag_relative   0.28   22.9   nd   0.00   0.00   

  Natural_150m_relative   151   165   nd   46.2   35.5   

  Natural_1km_relative   1787   2439   nd   359   241   

Ratio of open water area : vegetation area                   

  OW_Veg_withinUnit   0.00   0.00   nd   0.04   0.08   

Marsh surface elevation                       

  Elevation   0.26   0.29   nd   nd   nd   

Tidal range/groundwater level                       

  %_flooded   39.4   24.3   nd   nd   nd   

  Mean_Flood_Depth   2.61 3.79 3.22 4.01 nd   nd   nd   

Salinity                       

  Rapid_Salinity    15.1 5.97 15.2 5.13 nd   nd   nd   

Vegetation community                       

  Rapid_Veg_SpRich   3.25 0.50 2.67 0.58 3.00   2.00   4.00   

  RA_Brack_Terr_Border   0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

  RA_Open_Water   0.00 0.00 0.63 1.25 0.50 1.12 0.00 0.00 0.00 0.00 

  RA_Pannes_Pools_Creeks   12.9 7.25 15.5 5.00 14.0 5.48 6.93 7.56 3.10 2.95 

  RA_High_Marsh   82.5 11.2 75.0 25.0 87.5 0.00 73.2 19.7 67.5 20.9 

  RA_Low_Marsh   0.60 1.08 0.00 0.00 0.90 0.89 7.36 13.6 5.20 7.21 

  RA_Salt_Marsh_Terr_Border   18.8 12.4 10.1 18.3 5.40 3.63 7.93 14.7 16.3 14.1 

  RA_Upland   0.00 0.00 0.00 0.00 1.60 3.58 0.00 0.00 0.00 0.00 

Invasive species abundance                        

  RA_Invasives   0.00 0.00 0.25 0.29 0.50 1.12 0.36 0.94 5.10 7.29 

Nekton community                       

  Nekton_SpRich   2.50 0.84 2.33 0.82 nd   nd   nd   

  Nekton_Density   66.7 92.7 49.2 32.5 nd   nd   nd   

  Fundulus_Length   35.4 8.68 24.9 6.87 nd   nd   nd   

Breeding bird community                       

  Willet_Abundance   1.85 2.98 3.47 4.11 6.79 6.16 22.5 9.97 16.9 10.3 

  TMO_Abundance   16.2 6.79 18.7 7.23 25.2 7.80 28.9 7.90 22.9 8.00 
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Table 9.12. Metric values for Bombay Hook NWR 2008. “nd” indicates no data were 

collected. 

 

      2008   

      Grid OMWM Unaltered   

Metric   Mean SD Mean SD Mean SD   

Historical condition & geomorphic setting               

  Landscape_position   1   2   2     

  Shape   1   1   1     

  Fill_frag   1   1   1     

  Tidal_flushing   1   1   1     

  Aquatic_edge   2   2   2     

Ditch density                 

  Ditch_density   4   3   1     

Surrounding land-use                 

  Ag_relative   3.08   0.00   0.00     

  Natural_150m_relative   97.8   176   71.9     

  Natural_1km_relative   926   2108   733     

Ratio of open water area : vegetation area               

  OW_Veg_withinUnit   0.00   0.01   0.01     

Marsh surface elevation                 

  Elevation   0.93   0.80   1.01     

Tidal range/groundwater level                 

  %_flooded   7.46   24.6   25.8     

  Mean_Flood_Depth   2.01 3.59 2.18 1.42 0.30 0.62   

Salinity                 

  Rapid_Salinity    18.3 1.00 19.3 1.48 18.5 1.71   

Vegetation community                 

  Rapid_Veg_SpRich   3.25 0.50 4.67 1.53 3.00 0.00   

  RA_Brack_Terr_Border   0.00 0.00 0.00 0.00 0.00 0.00   

  RA_Open_Water   0.00 0.00 0.00 0.00 0.00 0.00   

  RA_Pannes_Pools_Creeks   2.50 0.00 7.67 8.95 3.88 2.75   

  RA_High_Marsh   75.0 25.0 54.2 14.4 81.3 12.5   

  RA_Low_Marsh   25.3 25.9 11.3 5.77 7.75 7.31   

  RA_Salt_Marsh_Terr_Border   0.00 0.00 37.5 0.00 4.50 9.00   

  RA_Upland   0.00 0.00 0.00 0.00 0.00 0.00   

Invasive species abundance                

  RA_Invasives   0.00 0.00 6.83 9.75 0.00 0.00   

Nekton community                 

  Nekton_SpRich   2.40 1.26 2.80 1.14 2.80 1.48   

  Nekton_Density   49.2 74.3 63.7 64.9 27.7 18.0   

  Fundulus_Length   35.3 9.11 34.6 9.02 33.5 11.2   

Breeding bird community                 

  Willet_Abundance   0.87 1.74 12.7 6.94 23.8 7.73   

  TMO_Abundance   24.9 7.91 25.9 7.56 31.1 6.69   
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Table 9.13. Metric values for Bombay Hook NWR 2009. “nd” indicates no data were 

collected. 

 

      2009 

      Grid OMWM Unaltered 

Metric   Mean SD Mean SD Mean SD 

Historical condition & geomorphic setting             

  Landscape_position   1   2   2   

  Shape   1   1   1   

  Fill_frag   1   1   1   

  Tidal_flushing   1   1   1   

  Aquatic_edge   2   2   2   

Ditch density               

  Ditch_density   4   3   1   

Surrounding land-use               

  Ag_relative   3.08   0.00   0.00   

  Natural_150m_relative   97.8   176   71.9   

  Natural_1km_relative   926   2108   733   

Ratio of open water area : vegetation area             

  OW_Veg_withinUnit   0.00   0.01   0.01   

Marsh surface elevation               

  Elevation   0.93   0.80   1.01   

Tidal range/groundwater level               

  %_flooded   7.12   59.7   10.7   

  Mean_Flood_Depth   6.49 6.00 3.79 2.27 2.62 2.45 

Salinity               

  Rapid_Salinity    nd   27.8 2.64 28.6 1.94 

Vegetation community               

  Rapid_Veg_SpRich   3.50 0.58 3.67 1.15 3.00 0.71 

  RA_Brack_Terr_Border   0.00 0.00 0.00 0.00 0.00 0.00 

  RA_Open_Water   0.00 0.00 0.00 0.00 0.00 0.00 

  RA_Pannes_Pools_Creeks   5.75 8.25 54.2 14.4 8.90 5.62 

  RA_High_Marsh   87.5 0.00 87.5 0.00 77.5 22.4 

  RA_Low_Marsh   34.0 21.1 47.7 25.7 22.1 27.1 

  RA_Salt_Marsh_Terr_Border   0.00 0.00 56.0 35.2 0.00 0.00 

  RA_Upland   0.00 0.00 0.00 0.00 0.00 0.00 

Invasive species abundance                

  RA_Invasives   0.00 0.00 0.83 1.44 0.00 0.00 

Nekton community               

  Nekton_SpRich   nd   2.17 1.33 2.90 1.73 

  Nekton_Density   nd   75.3 128 59.8 75.6 

  Fundulus_Length   nd   30.8 8.31 36.1 15.7 

Breeding bird community               

  Willet_Abundance   0.00 0.00 8.70 6.86 18.4 10.6 

  TMO_Abundance   17.2 6.96 25.9 7.94 30.5 7.11 
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Table 9.14. Metric values for Prime Hook NWR 2008-2009. “nd” indicates no data were 

collected. 

 

      2008   2009 

      PMH 1 PMH 4   PMH 1 PMH 4 

Metric   Mean SD Mean SD   Mean SD Mean SD 

Historical condition & geomorphic setting                   

  Landscape_position   3   2     3   2   

  Shape   1   1     1   1   

  Fill_frag   1   1     1   1   

  Tidal_flushing   3   1     3   1   

  Aquatic_edge   1   2     1   2   

Ditch density                     

  Ditch_density   3   4     3   4   

Surrounding land-use                     

  Ag_relative   2.32   9.52     2.32   9.52   

  Natural_150m_relative   40.9   139     40.9   139   

  Natural_1km_relative   429   1096     429   1096   

Ratio of open water area : vegetation area                   

  OW_Veg_withinUnit   0.04   0.01     0.04   0.01   

Marsh surface elevation                     

  Elevation   0.46   0.57     0.46   0.57   

Tidal range/groundwater level                     

  %_flooded   nd   nd     9.45   53.4   

  Mean_Flood_Depth   nd   nd     2.51 6.23 0.54 0.75 

Salinity                     

  Rapid_Salinity    31.8 2.39 22.4 5.29   20.7 4.87 14.9 4.35 

Vegetation community                     

  Rapid_Veg_SpRich   2.67 1.53 3.00 0.00   4.50 0.71 3.33 0.58 

  RA_Brack_Terr_Border   0.00 0.00 0.00 0.00   0.00 0.00 0.00 0.00 

  RA_Open_Water   8.67 9.02 0.00 0.00   0.00 0.00 0.00 0.00 

  RA_Pannes_Pools_Creeks   32.8 25.7 2.50 0.00   26.8 32.2 4.33 3.18 

  RA_High_Marsh   62.5 0.00 79.2 14.4   12.5 21.7 87.5 0.00 

  RA_Low_Marsh   27.6 17.0 29.5 29.0   33.3 31.5 4.33 3.18 

  RA_Salt_Marsh_Terr_Border   18.5 18.8 0.00 0.00   0.00 0.00 0.00 0.00 

  RA_Upland   0.00 0.00 0.00 0.00   0.00 0.00 0.00 0.00 

Invasive species abundance                      

  RA_Invasives   6.17 10.3 0.17 0.29   0.00 0.00 0.83 1.44 

Nekton community                     

  Nekton_SpRich   2.90 1.66 2.22 1.09   3.11 1.57 1.33 0.82 

  Nekton_Density   45.8 45.1 23.3 31.5   115 187 10.1 11.5 

  Fundulus_Length   51.6 15.0 38.8 8.89   38.4 11.4 44.7 14.5 

Breeding bird community                     

  Willet_Abundance   6.93 5.02 4.62 4.07   6.94 7.12 9.80 7.38 

  TMO_Abundance   15.8 6.12 27.9 6.90   14.0 7.32 24.0 6.91 
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Table 9.15. Metric values for Eastern Shore VA NWR Complex 2008. “nd” indicates no 

data were collected. 

 

                  2008   

      ESV North ESV South FI East FI West 

Metric   Mean SD Mean SD Mean SD Mean SD 

Historical condition & geomorphic setting                 

  Landscape_position   1   1   1   1   

  Shape   1   1   1   1   

  Fill_frag   1   1   2   2   

  Tidal_flushing   1   1   1   1   

  Aquatic_edge   1   1   3   3   

Ditch density                   

  Ditch_density   1   1   1   1   

Surrounding land-use                   

  Ag_relative   5.01   8.61   0.00   0.00   

  Natural_150m_relative   82.7   133   40.7   25.3   

  Natural_1km_relative   911   1963   479   208   

Ratio of open water area : vegetation area                 

  OW_Veg_withinUnit   0.00   0.00   0.57   0.63   

Marsh surface elevation                   

  Elevation   0.22   0.41   0.11   0.07   

Tidal range/groundwater level                   

  %_flooded   63.1   23.1   42.9   77.9   

  Mean_Flood_Depth   10.3 8.01 6.04 7.30 14.1 7.81 10.9 5.41 

Salinity                   

  Rapid_Salinity    nd   27.7 4.11 nd   nd   

Vegetation community                   

  Rapid_Veg_SpRich   2.58 2.83 1.00  0.00  1.60 0.89 1.50 0.71  

  RA_Brack_Terr_Border   0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

  RA_Open_Water   2.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 

  RA_Pannes_Pools_Creeks   2.00 4.00 5.33 4.62 20.3 33.6 8.00 0.00 

  RA_High_Marsh   9.00 10.4 6.00 10.4 0.83 1.29 10.3 11.0 

  RA_Low_Marsh   62.5 28.9 87.5 0.00 63.4 25.4 50.0 17.7 

  RA_Salt_Marsh_Terr_Border   6.50 8.54 0.00 0.00 9.33 14.3 5.25 3.89 

  RA_Upland   11.4 17.8 0.00 0.00 4.33 7.42 22.8 20.9 

Invasive species abundance                    

  RA_Invasives   0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Nekton community                   

  Nekton_SpRich   nd   1.83  0.75  nd   nd   

  Nekton_Density   nd   3.60 5.23 nd   nd   

  Fundulus_Length   nd   27.9 6.66 nd   nd   

Breeding bird community                   

  Willet_Abundance   0.43 1.23 0.00 0.00 13.6 7.95 1.73 2.46 

  TMO_Abundance   13.5 6.04 1.81 2.02 14.9 6.21 11.4 5.32 
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Table 9.16. Metric values for Eastern Shore VA NWR Complex 2009. “nd” indicates no 

data were collected. 

 

      2009 

      ESV North ESV South FI East FI West 

Metric   Mean SD Mean SD Mean SD Mean SD 

Historical condition & geomorphic setting                 

  Landscape_position   1   1   1   1   

  Shape   1   1   1   1   

  Fill_frag   1   1   2   2   

  Tidal_flushing   1   1   1   1   

  Aquatic_edge   1   1   3   3   

Ditch density                   

  Ditch_density   1   1   1   1   

Surrounding land-use                   

  Ag_relative   5.01   8.61   0.00   0.00   

  Natural_150m_relative   82.7   133   40.7   25.3   

  Natural_1km_relative   911   1963   479   208   

Ratio of open water area : vegetation area                 

  OW_Veg_withinUnit   0.00   0.00   0.57   0.63   

Marsh surface elevation                   

  Elevation   0.22   0.41   0.11   0.07   

Tidal range/groundwater level                   

  %_flooded   17.6   20.9   47.3   97.6   

  Mean_Flood_Depth   15.4 9.20 2.51 3.93 14.5 8.76 10.5 14.2 

Salinity                   

  Rapid_Salinity    17.8 14.6 28.2 3.27 nd   nd   

Vegetation community                   

  Rapid_Veg_SpRich   2.75 2.87 1.00 0.00 2.00 1.26 3.00 0.00 

  RA_Brack_Terr_Border   0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

  RA_Open_Water   0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

  RA_Pannes_Pools_Creeks   6.63 12.7 0.88 1.11 29.3 27.8 2.50 0.00 

  RA_High_Marsh   9.19 14.0 21.9 43.8 3.29 6.59 13.0 7.07 

  RA_Low_Marsh   46.7 35.8 65.6 43.8 45.6 33.7 50.0 17.7 

  RA_Salt_Marsh_Terr_Border   15.4 30.2 0.00 0.00 3.29 6.59 2.50 0.00 

  RA_Upland   2.313 6.34 0.00 0.00 0.00 0.00 0.25 0.35 

Invasive species abundance                    

  RA_Invasives   0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Nekton community                   

  Nekton_SpRich   2.80 1.48 2.00 1.41 nd   nd   

  Nekton_Density   11.0 10.2 9.20 9.68 nd   nd   

  Fundulus_Length   23.8 7.55 20.4 5.03 nd   nd   

Breeding bird community                   

  Willet_Abundance   0.00 0.00 0.00 0.00 17.2 11.0 8.73 6.74 

  TMO_Abundance   9.27 5.12 9.99 5.21 15.6 6.81 14.1 6.07 
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Appendix 10.  Vegetation and Nekton Species Lists 

 

 

Comprehensive lists of all vegetation and nekton species reported in the Salt Marsh Integrity 

Study, 2008 – 2009, are summarized on the following pages by refuge. Vegetation species 

denoted with an ‘X’ were reported as present in at least one of the four vegetation surveys used 

in this study (see main report and Appendices 2 & 3 for descriptions of surveys).  Nekton species 

denoted with an ‘X’ were reported as present in at least one of the two nekton collection methods 

used in this study (ditch nets or throw traps; see main report and Appendix 6 for descriptions of 

methods).  

 

 

List of Tables 

 

Table 10.1.  List of marsh vegetation species including common names reported as present 

within each refuge in 2008-9.  Species denoted with an ‘X’ were reported as present in at least 1 

of the 4 vegetation surveys used in this study. 

 

Table 10.2.  List of nekton species including common names reported as present within each 

refuge in 2008-9.  Species denoted with an ‘X’ were reported as present in at least 1 of the 2 

nekton collection methods used in this study.
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Table 10.1.  List of marsh vegetation species including common names reported as present within each refuge in 2008-9.  

Species denoted with an ‘X’ were reported as present in at least 1 of the 4 vegetation surveys used in this study. 

 

Species Common Name 

Rachel 

Carson 

Parker 

River 

Rhode 

Island 

S. B. 

McKinney Wertheim 

E. B. 

Forsythe 

Bombay 

Hook 

Prime 

Hook 

Eastern 

Shore 

VA 

Ailanthus altissima tree of heaven 

   

X 

     Agalinis maritima saltmarsh false foxglove X X X X 

    

X 

Amaranthus cannabinus tidalmarsh amaranth 

       

X 

 Ammophila breviligulata American beachgrass X 

        Argentina anserina silverweed cinquefoil X X 

       Astragalus racemosus creamy milk vetch 

   

X 

     Atriplex patula spear saltbush X X 

    

X X 

 Baccharis halimifolia salt marsh elder 

      

X 

  Bidens frondosa devil's beggarticks 

    

X 

    Boehmeria cylindrica false nettle 

    

X 

    Borrichia frutescens bushy seaside tansy 

        

X 

Calamagrostis canadensis bluejoint X 

        Convolvulus arvensis field bindweed 

    

X 

    Cuscuta gronovii common dodder 

    

X 

    Cyperus filicinus fern flatsedge 

    

X 

    Cyperus sp. flatsedge 

       

X 

 Cyperus strigosus strawcolored flatsedge 

    

X 

  

X 

 Decodon verticillatus swamp loosestrife 

    

X 

    Distichlis spicata saltgrass X X X X X X X X X 

Echinochloa walteri coast cockspur grass 

       

X 

 Eleocharis parvula dwarf spikerush 

    

X 

    Eleocharis sp. spikerush 

       

X 

 Festuca rubra red fescue X 

        Galium tinctorium stiff marsh bedstraw 

    

X 

    Glaux maritima sea milkwort X X 

       Hibiscus moscheutos rose mallow 

    

X 
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Species Common Name 

Rachel 

Carson 

Parker 

River 

Rhode 

Island 

S. B. 

McKinney Wertheim 

E. B. 

Forsythe 

Bombay 

Hook 

Prime 

Hook 

Eastern 

Shore 

VA 

Hieracium scabrum rough hawkweed 

    

X 

    Hieracium vulgatum common hawkweed 

    

X 

    Impatiens capensis jewelweed 

    

X 

    Iva frutescens marsh elder 

  

X X X X X X X 

Juncus balticus baltic rush X 

        Juncus gerardii saltmeadow rush X X X 

 

X 

    Juniperus virginiana eastern redcedar 

       

X 

 Lemna minor common duckweed 

    

X 

    Limonium nashii sea lavender X X X X 

 

X 

  

X 

Limonium vulgare sea lavender 

        

X 

Lonicera morrowii Morrow's Honeysuckle 

 

X 

       Lythrum salicaria purple loosestrife 

 

X 

       Mentha arvensis wild mint 

    

X 

    Myrica pensylvanica northern bayberry X 

        Panicum virgatum switchgrass X 

        Phragmites australis common reed X X X X X X X X X 

Plantago maritima goose tongue X X X 

      Pluchea odorata marsh fleabane 

    

X 

 

X X 

 Pluchea purpurascens marsh fleabane 

       

X 

 Polygonum arifolium halberdleaf tearthumb 

    

X 

    Polygonum punctatum dotted smartweed 

    

X 

    Polygonum sagittatum arrowleaf tearthumb 

    

X 

    Ptilimnium capillaceum herbwilliam 

    

X 

    Puccinellia maritima seaside alkaligrass X X 

       Rosa rugosa wild rose X 

 

X 

      Ruppia maritima widgeongrass X 

  

X 

   

X 

 Salicornia bigelovii dwarf saltwort X 

        Salicornia europaea common glasswort X X X X X X 
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Species Common Name 

Rachel 

Carson 

Parker 

River 

Rhode 

Island 

S. B. 

McKinney Wertheim 

E. B. 

Forsythe 

Bombay 

Hook 

Prime 

Hook 

Eastern 

Shore 

VA 

Salicornia sp. glasswort 

      

X X X 

Salicornia virginica American glasswort 

        

X 

Schoenoplectus sp. bulrush 

      

X X 

 Schoenoplectus americanus Olney's Bulrush 

  

X 

 

X 

    Scirpus maritimus alkali bulrush 

       

X 

 Scirpus robustus salt marsh bulrush 

    

X 

  

X 

 Scutellaria lateriflora blue skullcap, hoodwort X 

   

X 

    Sesuvium maritimum slender seapurslane 

       

X 

 Solidago sempervirens seaside goldenrod X X X 

 

X X X 

 

X 

Spartina alterniflora saltmarsh cordgrass X X X X X X X X X 

Spartina cynosuroides big cordgrass 

    

X 

 

X X 

 Spartina patens saltmeadow cordgrass X X X X X X X X X 

Spartina pectinata prairie cordgrass X 

        Spergularia maritima sandspurry X 

        Sphagnum sp. sphagnum 

       

X 

 Suaeda maritima sea blite, seepweed X 

        Symphyotrichum tenuifolium large saltmarsh aster 

 

X X 

   

X X 

 Teucrium canadense American germander X 

   

X 

    Thelypteris thelypteroides marsh fern 

    

X 

    Toxicodendron radicans poison ivy X 

 

X 

 

X 

    

Triadenum virginicum 

Virginia marsh st. 

johnswort 

    

X 

    Triglochin maritima seaside arrowgrass X X 

       Typha angustifolia narrowleaf cattail 

    

X 

    Typha latifolia broadleaf cattail 

  

X 

      Ulva lactuca sea lettuce 

        

X 

Verbena hastata blue vervain 

    

X 

    



225 

 

 

Table 10.2.  List of nekton species including common names reported as present within each refuge in 2008-9.  Species denoted 

with an ‘X’ were reported as present in at least 1 of the 2 nekton collection methods used in this study. 

 

Nekton Species Common Name 

Rachel 

Carson 

Parker 

River 

Rhode 

Island 

S. B. 

McKinney Wertheim 

E. B. 

Forsythe 

Bombay 

Hook 

Prime 

Hook 

Eastern 

Shore VA 

Anguilla rostrata American eel X X 

  

X X 

   Apeltes quadracus four-spined stickleback X 

        Bairdiella chrysoura silver perch 

      

X 

  Brevoortia tyrannus menhaden 

  

X 

      Callinectes sapidus blue crab 

     

X X X X 

Carcinus maenas European green crab X X X 

      Crangon septemspinosa sand shrimp X 

    

X 

   Ctenophora sp. ctenophore 

       

X 

 Cyprinodon variegatus sheepshead minnow 

  

X 

 

X 

 

X X X 

Fundulus diaphanus banded killifish 

     

X X X X 

Fundulus heteroclitus common mummichog X X X X X X X X X 

Fundulus luciae spotfin killifish 

    

X X 

 

X 

 Fundulus majalis striped killifish 

      

X 

 

X 

Gambusia affinis mosquitofish 

     

X X X 

 Gasterosteus aculeatus three-spined stickleback X X 

       Gobiosoma bosci naked goby 

      

X 

 

X 

Hemigrapsus sanguineus Asian shore crab 

  

X 

  

X 

   Leiostomus xanthurus spot 

      

X 

  Lucania parva rainwater killifish 

 

X 

  

X X X X X 

Melampus bidentatus salt marsh snail X 

     

X 

  Menidia beryllina inland silverside 

      

X 

  Menidia menidia Atlantic silverside X X X X X X X X X 

Nereis sp. clamworm X 

        Opsanus tau oyster toadfish 

       

X 

 Palaemonetes pugio grass shrimp X X 

    

X X X 

Palaemonetes sp. shrimp 

  

X 

 

X 

   

X 
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Nekton Species Common Name 

Rachel 

Carson 

Parker 

River 

Rhode 

Island 

S. B. 

McKinney Wertheim 

E. B. 

Forsythe 

Bombay 

Hook 

Prime 

Hook 

Eastern 

Shore VA 

Palaemonetes vulgaris marsh shrimp 

     

X X X X 

Pungitius pungitius nine-spined stickleback X X 

       Sesarma reticulatum heavy marsh crab 

       

X 

 

Uca pugnax 

Atlantic  

marsh fiddler crab 

       

X X 

Uca sp. fiddler crab 

      

X 

 

X 

 

 

 


