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Summary 
 

Rapid assessments of wetlands have been occurring since the 1970’s but were typically used on 
large scale planning projects. In the decades since, evaluations have become more specific to 
region and wetland type, with numerous states and institutions creating their own methods to 
answer niche questions.   However there was little ability to compare results across geographic areas 
due to differences in data collection methods. The Partnership for the Delaware Estuary (PDE), 
following the lead of the Delaware Department of Natural Resources and Environmental 
Control (DNREC), began to use the Mid-Atlantic Tidal Rapid Assessment Methodology (Mid-
TRAM) in order to assess the health of the various watersheds throughout the Delaware 
Estuary to ground-truth emerging landscape data that suggested widespread declines in coastal 
wetland acreage and health. These rapid assessments, which are described in this report, form 
one component (Tier 2) of a multi-level program referred to as the Mid-Atlantic Coastal 
Wetland Assessment (MACWA).  In recent years, elements of MACWA have been tested and 
implemented outside the Delaware Estuary, and this report also includes preliminary rapid 
assessment data for Barnegat Bay thanks to a collaboration between PDE and the Barnegat Bay 
Partnership. The EPA grant that funded this study provided support for rapid assessments in 
three representative watersheds of the Delaware Estuary, but in this report we include 
additional Mid-TRAM data for other areas (seven watersheds overall) as well as preliminary 
cross-tier comparative analyses. 
 
The Mid-TRAM protocol proved to be robust to a variety of tidal wetland types and stressors 
along the salinity gradient and the urban to rural gradient.  Although some metrics provided 
better resolution of variability in stressor-response relationships than others, the overall picture 
provided by the 15 metrics and 4 attributes suitably characterized the overall health of 
wetlands in different areas and pointed to the likely causes of stress when low condition scores 
were encountered.  The addition of the new Shoreline attribute in Version 3 of Mid-TRAM was 
also found to be very useful, enabling the seaward edge of marshes to be assessed, providing 
balance with the Buffer attribute that examines the condition of the landward margin.  The 
Hydrology and Habitat attributes examine nine different components within the actual 
assessment area, ably covering an array of physical and biological factors.   
 
New concerns and information are always emerging, such as the effects of increasing 
storminess on wetland roles in flood protection (e.g., from Superstorm Sandy) and the effects 
of nutrient loadings on the ability of salt marshes to keep pace with sea level rise.  The Mid-
TRAM protocol is designed to be adaptive, with new versions being developed in response to 
changing priorities and needs.  By clearly describing the methods, applying appropriate QA, and 
disseminating metadata with full datasets, researchers and managers can tease out core 
metrics and perform spatial and temporal analyses to address specific questions using those 
common elements, even if different versions of Mid-TRAM were used for different studies. 
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Unfortunately, most of the 204 sample points that were assessed for tidal wetland condition 
between 2009-2012 were found to be moderately or severely stressed.  This finding is 
consistent with landscape-level studies over the past 10 years that found that two-thirds of the 
Delaware Estuary marshes are stressed.  Similarly 63% of marshes that were examine for 
shoreline stability were found to be experienced net erosion, versus 37% either stable or 
accreting, and this finding is consistent with net losses of tidal wetland acreage that amounted 
to an acre per day in the Delaware Estuary between 1996-2006. 
 
In comparing seven representative watersheds assessed with Mid-TRAM v.3, the overall 
composite scores revealed some differences in wetland health across the region, however more 
variability and detail about stressors can be found by examining geospatial variation with 
regard to individual metrics and combined attribute scores.  The overall health scores and 
qualitative disturbance ratings suggested that the most stressed wetlands were in the Christina 
watershed of northern Delaware, especially in the vicinity of Wilmington.  The tidal marshes in 
nearby southeast Pennsylvania were nearly as stressed as those in the Christina.  Interestingly, 
the partial assessment of the Crosswicks, NJ, watershed (to be completed in summer 2013) 
indicated that those tidal wetlands were among the least stressed of the seven watersheds.  
Since the Christina, PA Tidal, and Crosswicks watersheds are all dominated by freshwater tidal 
emergent marshes, this finding of worst and best overall condition within the same wetland 
type clearly indicates that the Mid-TRAM is robust to variation in natural features and can 
discern anthropogenic disturbances.  Christina and PA marshes sit within a highly urbanized 
landscape with a legacy of pollution and direct manipulation, whereas marshes of the 
Crosswicks are comparatively remote. 
 
Contrasting watersheds that have significant salt marshes also revealed important variations in 
wetland condition.  Of these, the best condition marshes were found in the Boradkill watershed 
of southern Delaware where nearly 40% of the sample points were “minimally stressed” and 
<20% were severely stressed.  In contrast, more than 80% of tidal wetlands of Barnegat Bay 
were either moderately or severely stressed.  Barnegat Bay marshes had the lowest scores for 
shoreline erosion, fill and fragmentation, and ditching and draining, which may be associated 
with aggressive new measures aimed to control mosquitos. 
 
In general, buffer scores were lower in the upper estuary areas near the head of tide where the 
area was first colonized and where the cities are.  This was reflected in a significant positive 
relationship between buffer condition and salinity, although salinity is not the cause obviously. 
The worst areas for buffer condition were the Christina and PA Tidal watersheds, but some 
areas within the Maurice and Broadkill watersheds also have some buffer problems that will 
restrict marsh transgression with sea level rise. 
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Habitat scores were also highly variable among watersheds, partly revealing natural factors that 
vary along the salinity gradient.  For example, emergent vegetation in healthy freshwater tidal 
wetlands tends to be much taller and have more layers than healthy vegetation canopies in salt 
marshes.  The firmness of the substrate is also naturally lower in freshwater tidal than salt 
marshes.  The method of scoring these two metrics in Mid-TRAM appeared to balance out any 
bias associated with natural, salinity associated gradients.  In addition, statistical comparisons 
of differences among watersheds were still clearly evident when subsets of data were sorted 
and analyzed by salinity range (e.g., by just comparing freshwater tidal with freshwater tidal).  
In general, Habitat and Hydrology metrics revealed considerable diversity of stressors that 
different among watersheds, but which also appeared to differ within watersheds.  For 
example, tidal wetlands of the upper Christina appeared in better shape than near Wilmington, 
and tidal marshes of the lower Maurice appeared to be in better shape than those in the upper 
watershed.  Additional intra-watershed analyses can be undertaken to root out specific 
problems at the local level. 
 
Regional and local managers are increasingly being challenged with making tough decisions 
about where to strategically invest precious resources to ensure the greatest possible wetland 
acreage in highest condition.  In some cases, investments are warranted to sustain coastal 
wetlands that help protect crucial built infrastructure.  In other areas, land management in 
buffers needs to be managed better to facilitate tidal marsh transgression.  By understanding 
which marshes are need the greatest attention in high priority areas, resource investments can 
be made smartly.   Certainly, any wetland-damaging practices need to be quickly resolved 
because the rate of disappearance of our coastal wetlands appears to be quickening and 
multiple stressors (e.g. ditching plus sea level rise) are more likely to be synergistic in their 
negative effects on wetland sustainability. 
 
The Delaware Estuary has always been a tidal wetland dominated ecosystem, naturally muddy 
and rich in sediments.  Almost 150,000 acres remain, including perhaps 5% of pre-settlement 
acreage of nationally rare freshwater tidal marshes. The current loss rate of an acre per day is 
ecpected to increase with increasing rates of sea level rise and an expected increase in human 
population of 80% by 2100.  Coastal wetland assessment and trends analysis is therefore a top 
priority for PDE and many of our partners.  Despite growing use of MACWA data and broad 
support for its importance in the dynamic coastal landscape, the future of MACWA is uncertain 
because no federal or state funding programs are dedicated to support sustained wetland 
assessments.   
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Figure 1. Tidal wetlands of the Delaware Estuary 
(Reed et al. 2007).  
 

Introduction 
 

Importance of Coastal Wetlands in the Delaware Estuary 
 
Coastal wetlands are a hallmark feature of the Delaware Estuary and are critically important for 
both ecosystem and human health. The Delaware Estuary has one of the largest freshwater 
tidal prisms of any estuary in the world.  The resulting broad salinity gradient allows for 
nationally rare freshwater tidal wetlands in the upper estuary, along with brackish and salt 
marshes in the middle and lower estuary.  The broad salinity gradient and large volumes of 
mixing fresh and salt water combine to trap suspended sediments in the “Estuary Turbidity 
Maximum,” a zone within the middle estuary that provides a significant sediment supply to 
help sustain fringing coastal wetlands.  
By comparison to other large American 
estuaries, the Delaware Estuary is 
therefore characterized as a naturally 
muddy, wetland-dominated ecosystem. 
Together, the various types of coastal 
wetlands along the axis of the estuary 
combine to form a nearly continuous 
fringe around the perimeter of the tidal 
system (PDE, 2006, Figure 1). 
 
The ecological and economic services 
that are directly or indirectly furnished 
by tidal marshes are myriad: flood 
protection, nursery, forage and nesting 
habitats for fish and wildlife; water 
quality improvement, carbon and 
nutrient sequestration.  Especially in 
the urbanized upper estuary, the 
stacked “natural capital values” far 
surpass those of other natural habitats 
in conveying benefits for people (NJDEP 
2007, PDE 2009) because of the 
opportunities for “first line of defense” 
water purification, temperature abatement, and recreation for urban communities.  In contrast, 
the expansive salt marshes surrounding Delaware Bay help to sustain vibrant recreational and 
commercial fisheries and afford increasingly vital flood protection for coastal communities.  
Sitting at the nexus between land and sea, all of these tidal wetlands are in the coastal hazard 
area where they are subject to considerable direct anthropogenic alteration (e.g. development, 
dikes, bulkheads, mosquito ditching, and roads), exacerbated by shifting climate conditions, 
rising seas, sinking lands, and amplifying tidal ranges (PDE 2010, 2012a). 
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Status and Trends in Delaware Estuary Coastal Wetlands 
 
Despite their importance at the ecosystem scale, until recently the environmental integrity of 
the tidal marshes of the Delaware Estuary has been difficult to assess.  What limited data were 
available suggested that these wetlands continue to be lost and threatened by continued 
development and conversion, degradation, sea level rise, sudden marsh dieback and a host of 
other factors.  Beginning in 2006, PDE elevated coastal wetlands as a strategic priority for the 
National Estuary Program based on their importance as a hallmark feature of the system that 
underpinned broader ecosystem and economic vitality.  Working with many partners, PDE 
began to gather and analyze disparate data to examine status and trends in our coastal 
wetlands as part of our regular State of the Estuary reporting, while also designing and 
implementing a multi-tier wetland assessment program to fill critical data gaps (see below).  
These efforts have begun to yield 
quantitative results, confirming 
what had been suspected: our 
coastal wetlands continue to 
decline, and in many cases this 
deterioration appears to be 
accelerating despite national, 
state and local protections. 
 
Our recent State of the Estuary 
reports clearly demonstrates that 
we continue to lose coastal 
wetland acreage (PDE 2009, 
2012; Fig. 2). Perhaps just as 
importantly, more than half of 
the marshes are believed to be in 
a degraded state (Kearney et al. 
2002, this report).  Satellite 
imagery trend analysis shows 
that more than 2% of the 
>140,000 acres of tidal marsh 
were lost from the Delaware 
Estuary between 1996 and 2006 
(PDE 2012). In the upper estuary, 
almost 10% of tidal wetlands 
disappeared during this period, 
most likely due to the continued 
filling or alteration of tidal 
freshwater wetlands associated 
with development (Kreeger and 

 
 
Figure 2.  Net change in estuarine emergent wetland acreage 
in watersheds of the Delaware Estuary, 1996-2006 (Kreeger 
and Homsey 2012). 
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Padeletti, 2011).  In contrast, the greatest acreage losses occurred in the lower estuary due 
primarily to net losses of salt marshes due to erosion and drowning (PDE 2012; Fig. 2).   
 
Future projections of coastal wetland acreage based on modeling by SLAMM v.6 suggests that 
25-75% of our coastal wetlands will be lost with a 1 m rise in sea level (PDE 2010, Appendix G). 
This is consistent with the recent loss rate of >2% per decade, but many researchers are 
increasingly concerned that this rate of loss will increase over time as tipping points might be 
breached.  For coastal marshes to keep pace with rising sea levels (and sinking land), they need 
to accrete vertically by accumulating organic matter from in situ production and  trapping 
suspended sediments that are delivered by tidal exchange.  The relative contribution of these 
organic and inorganic materials varies widely depending on proximity to riverine sediment 
sources and rates of primary production, for example.  But few marshes appear capable of 
accreting at rates >10 mm per year, and microtidal salt marshes that are located away from 
riverine sediment sources might be incapable of keeping pace with about 6 mm per year, on 
average.   
 
Depending on emissions 
scenario, rates of sea 
level rise are projected 
to exceed 10 mm per 
year by mid century, 
following a non-linear 
trajectory (Fig. 3).  
Furthermore, rates of 
sea level rise in the Mid-
Atlantic are predicted to 
be greater than global 
scenarios due to the 
hydrodynamics of 
changing ocean currents 
(Yin et al. 2010, Sallenger 
et al. 2012), 
compounded by high 
rates of land subsidence 
in the Mid-Atlantic 
coastal plain.  In consideration of these exacerbating factors, for climate adaptation purposes 
PDE is recommending that for planning purposes the Delaware Estuary should plan to 
experience a 1.3 m in relative sea level rise for every 1 m of global sea level rise (approximately 
0.12-0.15 m of subsidence per 100 years plus approximately 0.15 m of dynamic sea level rise 
this century due mainly to changes in Gulf Stream currents). Separate, but interacting, climate 
change factors are projecting increases in storm intensity and frequency (e.g. Superstorm 
Sandy, Hurricane Irene, Tropical Storm Lee within past few years; PDE 2012) and potentially 
changing sediment supply dynamics for coastal wetlands (PDE 2012, DERSMW 2013). Taken 

 
Figure 3.  Projected sea level rise calculated from global temperature 
based on 3 different emissions scenarios (Vermeer & Rahmstorf 2009) 
with extrapolated rates of sea level rise, assuming a total rise of 1.3m in 
the Mid-Atlantic region by 2100 (Kreeger and Homsey 2012). 
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together, the literature on tidal wetland accretion and these sea level rise forecasts warrant 
significant concern for the future of Mid-Atlantic coastal wetlands and represent an important 
threat for ecosystem and economic vitality of the Delaware Estuary ecosystem.   

Importance of Coastal Wetland Monitoring 
 
Until recently there was no regular, coordinated and consistent means to assess tidal wetland 
condition across the watershed, hampering efforts to track ecosystem health and manage the 
system holistically.  This is due to each state assessing coastal wetlands differently.  The 
inconsistent and patchy data for wetland extent and health also thwarts decision-making by 
coastal managers who are pressed to choose where and how to invest to protect and enhance 
long-term wetland “natural capital.” Monitoring wetland condition is just as important as 
monitoring extent because reduced health is usually a precursor of acreage loss, often 
occurring en masse during punctuated disturbances such as storms. Marshes with 
compromised health also furnish fewer ecosystem services and are less resilient with regard to 
their flood protection benefits. Compromised wetlands may be more vulnerable to storms (e.g. 
Sandy). Poorly functioning marshes are also prone to invasive species and are not as valuable 
for fish and wildlife. Restoration and protection efforts would be more strategic and effective 
with better information on how and where marsh condition might be improved using various 
best management practices and tactics to boost resilience and safeguard against further 
acreage losses. 
 
Because of the renowned importance of tidal wetlands to the health of the Delaware Estuary 
and to residents of the watershed, since 2006 the science and management community of the 
Delaware River Basin has elevated tidal wetland condition and extent as a top priority for 
monitoring, considering these habitats as one of the leading indicators for environmental 
conditions in the basin as a whole (PDE 2009, 2012.)  The White Paper on the Status and Needs 
of Science in the Delaware Estuary (Kreeger et al. 2006,) stressed the need to develop a better 
understanding of tidal wetland status and trends.  The paper identified this concern as the 
second most important “top ten” technical need for the entire basin, second only to 
contaminant issues. In 2006-2007 the Partnership developed a wetland strategy to fill vital data 
gaps (see below).  The strategy, which included tidal wetland assessment, protection and 
research, was then included as a core component of the 2007 PDE Strategic Plan (PDE, 2007). In 
the time since then, PDE has worked with diverse partners to begin to implement the wetland 
strategy, which is now being updated and strengthened in 2012.  
 
The 2007 PDE wetland strategy consisted of a collaborative effort among PDE staff, state and 
federal agency representatives, and academics from the region.  A 4-tier monitoring and 
assessment program was envisioned that would provide rigorous, comparable data across all of 
the diverse and abundant tidal wetlands of the Delaware Estuary. The strategy helped PDE 
prepare funding applications, and the resulting program was named the Delaware Estuary 
Wetland Monitoring and Assessment Program (DEWMAP).  With recent expansion to 
neighboring estuaries such as Barnegat Bay, NJ, DEWMAP has now been renamed to be the 
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Mid-Atlantic Coastal Wetland Assessment (MACWA).  The strategy of MACWA follows EPA 
national guidance (U.S. EPA, 2001) for a 4-tier approach (Fig. 4):   
 

 Tier 1: landscape census surveys of extent and condition (being performed 
through other efforts in collaboration with PDE) 

 Tier 2:  probabilistic sampling on-the-ground across the study region to assess 
condition and ground-truth Tier 1 surveys (i.e., the focus of the present study), 

 Tier 3:  intensive studies to examine relationships among condition, function, 
and stressor impacts (studies are being performed by PDE and partners), 

 Tier 4: intensive monitoring of condition and function at networked array of 
fixed stations (being performed by PDE with partners) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
The strategy is designed to be both cost-effective and scientifically rigorous through cross-
linking of the tiers.  Tier 2 is designed to ground-truth remote sensing data from Tier 1, ensuring 
that what is seen from the air and satellites is factual, using rapid measures to examine wetland 
health in many representative places.  A disadvantage of Tier 2 is that the rapid methods are 
limited in their analysis of underlying stressor-response relationships or ecological functions.  

 
 
Figure 4: Four-tier coastal wetland monitoring and assessment strategy, referred 
to as the Mid-Atlantic Coastal Wetland Assessment (MACWA) Program. 
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Tier 3 consists of intensive scientific studies designed to answer specific questions about these 
relationships and functions.  Tier 4 has a similar goal, but intensive studies in Tier 4 track 
changes in health and function at discrete locations over time, thereby serving as long-term 
monitoring stations.   
 
If fully implemented and appropriately cross-linked among the tiers, this wetland strategy 
would allow for the greatest array of management applications.  For example, it is imperative 
that we deduce the most damaging stressors (out of a broad array) for each individual 
watershed, so that actions taken by managers to minimize future losses are strategic and not 
unnecessarily costly.  An emerging PDE goal is to develop “wetland futures” guidance maps that 
predict the fate of specific parcels and furnish recommendations for specific management or 
restoration actions most likely to avert or minimize future losses.  For more information on 
MACWA, the various partners involved, and outcomes and reports from various tiers, please 
check the PDE website on MACWA. 
 

Rapid Assessment Methods Development and Testing  
 
A core component of the MACWA program is Tier 2, consisting of Rapid Assessment Methods 
(RAM) to assess the condition of coastal wetlands in representative areas of the Delaware 
Estuary.  As noted above, Tier 2 assessments are critical to ground-truth and link Tier 1 census 
data to Tiers 3 and 4 (intensive studies and monitoring).  Prior to MACWA, both the States of 
Delaware and Pennsylvania had been working on such methods, but not from the perspective 
of the whole watershed nor with a goal to facilitate inter-comparability among wetland types 
and states across the system.  Coastal (tidal) wetlands were also not the main focus of state-
based RAM efforts. 
 
Probabilistic surveys using RAM protocols have been increasingly used across the United States.  
In 2011, they were the focus of the National Wetland Condition Assessment, the first 
comprehensive nationwide assessment of wetland condition (US EPA, 2011). Unfortunately, the 
national sample density was sparse for coastal wetlands because it encompassed all wetlands, 
both tidal and non-tidal.  Few study locations were planned within the tidal wetlands of 
Delaware Estuary (U.S. EPA, 2011). 
 
Within the Delaware Estuary, the State of Delaware has been the leader in developing RAM 
protocols (DNREC, 2010), including both tidal and non-tidal wetlands. There are various rapid 
assessments that have been developed around the nation, but none had incorporated the 
distinctive tidal wetlands of the mid-Atlantic region.  Therefore, in the early 2000’s, the 
Delaware Department of Natural Resources and Environmental Control (DNREC) looked to 
acquire a better understanding of the health of their wetlands which would help dictate how 
the state could restore and protect the remaining wetlands. Drawing from the New England 
Rapid Assessment Method (NERAM) and the California Rapid Assessment Method (CRAM) and 
working with the Maryland Department of Natural Resources and the Virginia Institute of 
Marine sciences the Mid-Atlantic Tidal Rapid Assessment Method (Mid-TRAM) was developed.  

http://www.delawareestuary.org/Wetland_Assessment�
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The original MidTRAM protocol was developed using data collected in the Indian River 
watershed (DE), Nanticoke watershed (MD) and York watershed (VA) in 2006 and 2007.  
Numerous metrics were included in the first version of MidTRAM, drawing from local 
experiences in these watersheds, as well as from the NERAM, CRAM and other metrics that 
were though could be useful.  Based on the data, analysis metrics were chosen that proved to 
be the most appropriate to the mid-Atlantic region.  Since the first version of the Mid-TRAM, 
DNREC has continued to improve the metrics in MidTRAM based on lessons learned from 
accumulating experiences and data.  Some metrics have been refined, added and some 
removed.  
 
PDE sought a RAM that would be applicable to all coastal wetland types in the Delaware Estuary 
as part of our earlier grant from EPA Headquarters (i.e., for MACWA). Freshwater tidal marshes 
of the Delaware Estuary are subject to a much wider tidal range (up to 9 feet) compared to salt 
marshes lower in the system (less than 3 feet), which conveys different attributes regarding 
sediment supply and chemistry.  Salt marshes, being micro-tidal, are expected to be more 
prone to impacts associated with sea level rise, whereas, freshwater tidal marshes are 
threatened mainly with salinity rise (PDE 2010).  Layered on top of their physical differences, 
the context and human impacts are also in stark difference. Pennsylvania’s tidal marshes are 
situated in the urban river corridor, where they are subject to a multitude of land use and water 
quality impacts, whereas salt and brackish marshes lower in the system are subject to 
agricultural practices, snow geese grazing disturbances, mosquito ditching,etc. Therefore, we 
tested whether the method would be suitable for this array of freshwater tidal marshes, 
brackish marshes and salt marshes throughout Delaware, New Jersey and Pennsylvania. As 
reported in our final report to EPA for that grant (Kreeger et al. 2012), we found that the 
MidTRAM worked well for all coastal wetlands, with a few minor modifications.   
 
At the time when this project was first beginning, DNREC had developed their second version of 
MidTRAM, and this is the version that we initially used (see QAPP, Appendix A).  MidTRAM v.2 
assesses wetland health by scoring various metrics within each of three components: buffers, 
hydrology and biology (see below and Appendix A).  Subsequent to initiating our work using 
Mid-TRAM v.2 and following extensive field testing, we further modified Mid-TRAM v.2 to 
include a fourth attribute, shoreline condition (see below). This shoreline assessment attribute 
provides additional information of interest to coastal managers (see below). The addition of the 
fourth attribute and further refining of metrics in the other three metrics went into Mid-TRAM 
v.3.   
 
At present, we collect data for Mid-TRAM v.3 for all four attributes, and then decide whether to 
include data from the new shoreline attribute based on analysis goals.  For example, in 
comparisons with existing data from MACWA or DNREC where only three attributes were 
assessed, we only calculate RAM scores for the three attributes.  In contrast, for analyses 
designed to assess conditions at only one study watershed or in relation to sea level rise stress, 
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where appropriate we include all four metrics.  In this report, we provide data for all four 
attributes where they were collected.  

Objectives and Approach 
 
Building on our earlier testing and refinement of the Mid-TRAM protocol for assessing the 
condition of the Delaware Estuary’s tidal wetlands, the main goal of this study was to 
implement full watershed-level assessments in five representative areas of the estuary and to 
contrast the results and furnish useful data to managers regarding wetland health and 
stressors.  Considering the broader relationship of this study within the multi-tier MACWA 
framework and emerging coastal concerns, we performed preliminary additional data analyses 
for this report.  For this report, we also sought to begin to cross-compare these results to 
similar Mid-TRAM data for other watersheds funded by other grants.  Finally, next steps include 
examining relationships between rapid assessment data (Tier 2) and fixed station monitoring 
data (Tier 4) within the MACWA framework.  Our next goal therefore is to also begin cross-tier 
comparative analysis among the different levels of MACWA and to interpret analysis results for 
coastal managers.   
 
To do this, the methods and results sections below are organized to address the following three 
goals:   
 
Goal 1.  To perform full watershed assessments in 3 representative watersheds of the Delaware 
Estuary, providing coastal wetland health report cards for managers within those watersheds 
 
Goal 2. To contrast rapid assessment results among watersheds, yielding information for 
managers on how stressors and natural features may contribute to variation in wetland 
condition among representative watersheds of the Delaware Estuary.   
 
Goal 3. To assess which metrics and attributes of Mid-TRAM are most useful for describing 
variation in stressor-response relationships in coastal wetland condition across the Delaware 
Estuary, and which RAM metrics (Tier 2) correlate best with intensive monitoring metrics at 
fixed stations (Tier 4) of MACWA. 

Methods 

Orientation to Mid-TRAM 
 
The current version of the Mid-TRAM that was adapted by PDE (i.e., Mid-TRAM v.3) captures 
four attributes that are important to tidal wetlands; habitat and biotic community, hydrology, 
buffer, and shorelines (Table 1). For a detailed description of the methods, please refer to the 
Mid-TRAM v.3 method, which is available from the PDE website at: 
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http://www.delawareestuary.org/Wetland_Assessment.  Our lessons learned in testing and adapting 
the Mid-TRAM were described in our 2012 final report to U.S. EPA for our earlier funded study (Kreeger 
et al. 2012). 
 
The Mid-TRAM protocol assesses conditions for the four main attributes (hydrology, buffers, 
shorelines, habitat) at each sample point within a watershed assessment, and each watershed 
assessment is comprised of at least 30 sample points to provide a statistically robust evaluation. 
In general, the buffer attribute considers stressors or migration impediments on the landward 
side of a sample point assessment area, whereas the shoreline attribute considers stressors 
such as erosion or hardening on the seaward side of a sample point assessment area.  The 
hydrology attribute looks at anthropogenic changes to the hydrology within the wetland 
including ditching and fill.  The habitat attribute attempts to capture aboveground and 
belowground biomass estimates, plant communities and invasive cover.  
 
Other rapid assessment methods, including the US RAM used for the National Wetland 
Condition Assessment, often include other measures of biotic integrity, but we have found that 
those metrics add time and often require advanced training (e.g. botany, zoology) and so Mid-
TRAM focuses on vascular plant conditions that underpin structural (complexity) and functional 
(productivity) ecology of the wetlands.  
 
Within each attribute there are multiple metrics (Table 1). Each metric is given a score between 
3 and 12 and then combined with the other metrics in that attribute as a percentage of the 
total possible value for that attribute. The value is then adjusted to a 0-100 scale.  The 
attributes are then averaged to provide a composite Mid-TRAM score.  As noted above, Mid-
TRAM v.3 includes a shoreline attribute compared to Mid-TRAM v.2, and so the calculations for 
overall scoring are as follows: 
 

Mid-TRAM v.2: 
Buffer= ((((Σ(B1…B5))/60)*100)-25)/75)*100  
Hydrology= ((((Σ(H1…H4))/48)*100)-25)/75)*100  
Habitat= ((((Σ(HAB1…HAB5))/60)*100)-25)/75)*100  
MidTRAM v.2 score = ((Buffer + Hydrology + Habitat)/3) 
 
Mid-TRAM v.3: 
Buffer= ((((Σ(B1…B5))/60)*100)-25)/75)*100  
Hydrology= ((((Σ(H1…H4))/48)*100)-25)/75)*100  
Habitat= ((((Σ(HAB1…HAB5))/60)*100)-25)/75)*100  
Shoreline = ((((Σ(S1…S2))/24)*100)-25)/75)*100  
MidTRAM v.3 score = ((Buffer + Hydrology + Habitat + Shoreline)/4) 

 
The latest version of Mid-TRAM that is used by DNREC can be accessed online at; 
http://www.dnrec.delaware.gov/Admin/DelawareWetlands/Pages/Wetland-Monitoring-and-
Assessment.aspx and this current version  can also be accessed at: 

http://www.delawareestuary.org/Wetland_Assessment�
http://www.dnrec.delaware.gov/Admin/DelawareWetlands/Pages/Wetland-Monitoring-and-Assessment.aspx�
http://www.dnrec.delaware.gov/Admin/DelawareWetlands/Pages/Wetland-Monitoring-and-Assessment.aspx�
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http://www.delawareestuary.org/science_stac_workgroups_wetlands_products.asp. Please 
refer to the QAPP for full details on the methods used in this study (Appendix F).   

 
Table 1. Attributes and metrics of Mid-TRAM v. 3.0.  

 

Attribute Metric Description 

Buffer/Landscape Percent of AA 
Perimeter with 5m- 

Buffer 

Percent of AA perimeter that has at least 5m of natural or semi-
natural condition land cover 

 
Buffer/Landscape Average Buffer Width 

 
The average buffer width surrounding the AA that is in natural 

or semi-natural condition 
 

Buffer/Landscape Surrounding 
Development 

 

Percent of developed land within 250m from the edge of the 
AA 

 
Buffer/Landscape 250m Landscape 

Condition 
 

Landscape condition within 250m surrounding the AA based on 
the nativeness of vegetation, disturbance to substrate and 

extent of human visitation 
Buffer/Landscape Barriers to Landward 

Migration 
 

Percent of landward perimeter of wetland within 250m that 
has physical barriers preventing wetland migration inland 

Hydrology Ditching & Draining 
 

The presence of ditches in the AA 

Hydrology Fill & Fragmentation 
 

The presence of fill or wetland fragmentation from 
anthropogenic sources in the AA 

Hydrology Wetland Diking / 
Tidal Restriction 

The presence of dikes or other tidal flow restrictions 
 

Hydrology Point Sources 
 

The presence of localized sources of pollution 
 

Habitat Bearing Capacity 
 

Soil resistance using a slide hammer 
 

Habitat Vegetative 
Obstruction 

 

Visual obstruction by vegetation <1m measured with a cover 
board. 

 
Habitat Number of Plant 

Layers 
 

Number of plant layers in the AA based on plant height 
 

Habitat Percent Co-dominant 
Invasive Species 

 

Percent of co-dominant invasive species in the AA 
 

Habitat Percent Invasive 
 

Percent cover of invasive species in the AA 
 

Shoreline Shoreline Erosion Shoreline condition at shoreline transect points based on the 
erosion:accretion ratio 

Shoreline Shoreline Alteration Presence of built structures or non-natural materials along the 
shoreline at transect points 

http://www.delawareestuary.org/science_stac_workgroups_wetlands_products.asp�
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Sample Points and Logistics 
 
It takes approximately two to three people, one to two hours to perform the Mid-TRAM at a 
particular sample point, once it has been reached.  In tidal wetlands, the stage of tide, logistics, 
and time to get to sites also needs to be taken into effect.  Typically, two sample points can be 
assessed per day.  More time is often needed in freshwater tidal and brackish marshes due to 
the taller canopy and difficulty traversing the wetlands, compared to salt marshes. 
 
The Mid-TRAM should be completed for at least 30 sites per study watershed to allow sufficient 
coverage and sample density for a representative assessment of that watershed’s wetland 
health.  Sites are determined using a probabilistic method. For our assessments to date, we 
have enlisted the assistance of US EPA’s Western Ecology Division, and their environmental 
statisticians Anthony (Tony) R. Olsen, to randomly drop the array of points for each watershed.  
A Generalized Random Tessellation Stratified (GRTS) survey design for an aerial resource is 
used.  The GRTS design included reverse hierarchical ordering of the selected sites. The base 
wetland layer used for this procedure is the most current version of the National Wetlands 
Inventory Maps, which were then clipped to the tidal watershed (since non-tidal wetlands are 
not the focus of MACWA).  This layer can be found on the National Wetlands Inventory website 
at: http://www.fws.gov/wetlands/Data/DataDownload.html. 
 

Wetland Classification Scheme 
 
The targeted sample frame for MACWA consists of emergent vegetated tidal wetlands, 
therefore the NWI wetland coverage layers had to be clipped to remove non-vegetated 
wetlands and non-tidal wetlands from the original layer.  The NWI Cowardin classifications that 
were deleted are listed in Table 2.  

 
Table 2. Cowardin wetland classes that were removed from GIS  
layers used to drop sample points for MACWA RAM. 
 
Class equal to: NWI/Cowardin Description 
P* Palustrine- except those with 

*R,*S,*T,*V 
L* Lakes and millponds 
R1UBL Riverine Unconsolidated bottom  
E1UBL* Estuarine Unconsolidated bottom 
E2US* Estuarine Unconsolidated shore 
Remaining  

 
Though only 30 sites are to be assessed per watershed, 250 sample points are provided from 
the GRTS for overdraft.  Historically it has been found that often the National Wetlands 
Inventory has errors, especially in the Delaware Estuary.  Some parts of the Pennsylvania 
coverage were found to be as old as 1975. Since many wetlands have been loss since then, we 

http://www.fws.gov/wetlands/Data/DataDownload.html�
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needed to visit 59 points to find 30 that were still wetlands for a complimentary project.  In 
addition, incorrect NWI data and/or land ownership and access permission issues sometimes 
necessitated point overdrafts for sites. Sites are assessed in the random order that the survey 
point drop yielded.  If a site was determined to still exist as a tidal wetland habitat, then that 
site is assessed.  

Sample Plot Layout and Sampling Approach 
 
For each sample point, the center point was established from the GRTS design and a 50m radius 
assessment area (AA) was established around it.  A 250m buffer area was also established using 
GIS around the AA.  A team would go to the designated AA center and four 50-meter transects 
were run from that point at 90 degree angles from each other.  The first transect was directed 
towards the main water way (tidal-influenced open water >30m wide), and the other three 
transects were extended from the center, clockwise from the first transect. Metrics were 
assessed at 25 and 50 meters from the center on each transect.  Moving from the center along 
each transect, plant community and hydrology were observed. At the center point, water 
salinity, photographs and approximate organic soil depth were taken.  After all transects were 
measured, direct observations and aerial photography were used to record conditions for site 
hydrology, buffer condition, and overall plant community condition.   
 
Each site was given a specific name, as well as an integrated Qualitative Disturbance Rating 
(QDR) as judged by the survey crew after completion of the assessment in consideration of all 
factors for the entire site. A QDR rating is based on stressors and alterations to vegetation, 
soils, hydrology, and land use disturbance surrounding the site.  A scale of least disturbed (score 
of 1) to highly disturbed (score of 6) is used. Generally a minimal disturbance, QDR of 1 or 2, is a 
natural structure and biotic community maintained with only minimal alterations.  A 
moderately disturbance category, QDR of 3 or 4, is moderate changes in structure and/or the 
biotic community.  A high disturbance category, QDR of 5 or 6, demonstrates sever changes in 
structure and/or the biotic community which could lead to a decline in the wetlands ability to 
effectively function in the landscape. The best scientific judgment method for assigning a QDR 
is further defined in the Mid-TRAM Version 3.0.  
 
Once scores are assessed for the QDR and for each attribute (buffer, hydrology, habitat, 
shoreline), the overall distribution of total scores are analyzed among the points per watershed 
to plot the Cumulative Distribution Function (CDF).  All sites within a watershed are sorted first 
by QDR ratings.  Sites with QDR ratings of 1 and 2 are taken and the 25th percentile of the final 
Mid-TRAM scores is taken from this population.  Then, the sites with QDR rankings of 5 and 6 
are taken and the 75th percentile of their final Mid-TRAM scores is calculated.   These two 
numbers create breaking points in the 30 sites based on their final Mid-TRAM score. This results 
in groupings of the overall condition scores as being severely, moderately or minimally stressed, 
categories that are designed to facilitate easy interpretation of results by managers and the 
public and to allow for comparisons among watersheds.  Figure 5 depicts typical RAM results 
interpreted for watershed report cards designed for the public. 
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Figure 5: Cumulative Distribution Function (CDF) graph showing wetland condition scores as a 
function of the wetland sample point population for coastal wetlands within Pennsylvania (Kreeger & 
Padeletti 2011). Dotted lines represent breakpoints between condition categories. Bottom: Pie chart 
showing percentage of sites that fall within minimally (27%), moderately (37%) and severely stressed 
wetlands. 
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Figure 6: Map of Delaware Estuary watersheds 
showing dates of completed or planned rapid 
assessment studies (note: future studies are 
pending and may not be fully funded yet).  

 

Quality Assurance and Quality Control 
 
Quality assurance and control are important to any scientific study.  For this project, we used 
standardized and accepted QA plans associated with the overall MACWA program.  In order to increase 
efficacy and data inter-comparability among different researchers and funded grant studies, the 
MACWA team created two “umbrella” QAPPs that encompassed the rapid assessment (Tier 2) and the 
site specific studies (Tier 4).  This allowed for various other projects falling under the MACWA program 
to reference these already approved QAPPs to ensure that all data and methodologies would be cross 
comparable.   The “umbrella” QAPP that is referenced is; Rapid Assessment Monitoring Program for 
Tidal Wetlands of Delaware, New Jersey & Pennsylvania (MACWA Ram QAPP 1.0). This QAPP has been 
approved by the EPA Office of Wetlands, Oceans and Watersheds, EPA Region 2 and NJDEP. 
 
The QAPP for this project is entitled; Addendum to Rapid Assessment Monitoring Program for Tidal 
Wetlands of Delaware, New Jersey & Pennsylvania (MACWA RAM Umbrella QAPP 1.0); Rapid 
Assessment of Tidal Wetlands in 
Representative Watersheds of the Delaware 
Estuary: MACWA RAM Project QAPP 1.1 for 
EPA Grant #83458901-0.  This addendum to 
the umbrella QAPP was originally approved 
by the EPA Headquarters QA officer (Chuck 
Spooner) and EPA Office of Wetlands, Oceans 
and Watersheds (Gregg Serenbetz) on June 
17, 2010.   
 
The QAPP references not only the umbrella 
MACWA QAPP but also the EPA approved 
DNREC QAPP (Appendix C; Rapid Assessment 
Monitoring Program for Tidal Wetlands of 
Delaware, New Jersey & Pennsylvania 
(MACWA RAM Umbrella QAPP 1.0).  The 
QAPP also gives examples of data and field 
team audit sheets.  
 

Watersheds Assessed with Mid-TRAM 
 
This report analyzes data in-depth for three of the 
six watershed assessments completed to date by 
PDE and partners (Table 3).  Additional 
assessments are underway or are planned, but 
data are not yet available for analysis here.  The 
long-term goal of MACWA is to systematically 
expand the watershed assessments to capture 
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more areas of the Delaware Estuary and then to eventually repeat the RAM within representative 
watersheds (e.g., every 10 years) to facilitate tracking future change (Fig. 6).   

 
 
 
Table 3. Summary of the seven representative watersheds within the Delaware Estuary that have been 
assessed to date for tidal wetland condition using the Mid-TRAM protocol, including information on 
watershed size, RAM details, and lead entities. The assessments completed as part of this funded 
grant are indicated with an asterisk. 
 

Watershed State 
Drainage 

Area 
(acres) 

RAM 
points 

RAM 
Year 

Mid-
TRAM 

version 
Entities 

Christina* DE 24,234 30 2011 3.0 PDE 
Maurice* NJ 47,617 30 2011 3.0 PDE 
Broadkill* DE 48,696 37 2010 3.0 DNREC/PDE 

Crosswicks1 NJ 59,136 15 2012 3.0 PDE 
Barnegat Bay NJ 109,283 30 2012 3.0 PDE/BBP 

Mispillion* DE 76,603 34 2012 3.0 DNREC 
PA Tidal2 PA 210,136 30 2010 3.0 PDE 

 
1 Only 15 points were assessed in Crosswicks in 2012 and another 15 points are to be assessed in 2013. 
2 PA tidal “watersheds” consisted of several HUC 12 drainage areas that were assessed collectively in 2010 as a 
30-point assessment for all PA tidal wetlands.  Pennsylvania has less than 400 acres of tidal wetlands remaining, 
and so additional points and places were not possible without having overlapping assessment areas. 
 

ArcGIS tools for breakpoints 
 

ArcGIS has several methods for assigning breakpoint in data for visualization and analysis. Later maps in 
this report (Figs. 65-68) display data which were classified according to the Jenks natural breaks 
optimization method. For more details see: Univariate classification schemes in Geospatial 
Analysis—A Comprehensive Guide, 3rd edition; © 2006–2009; de Smith, Goodchild, 
Longley. 

Results  
 
This report summarizes all rapid assessment data collected to date using the Mid-TRAM protocol (see 
Table 3).  In addition, we also performed a preliminary comparative analysis of outcomes among various 
watersheds (from various funded projects).  In the future, we aim to work with partners to perform 
additional analyses of results from various RAM studies, as well as analysis to begin to link rapid 
assessment results (Tier 2) to other tiers within the MACWA wetland strategy. 

http://www.spatialanalysisonline.com/output/�
http://www.spatialanalysisonline.com/output/�
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Mid-TRAM Modifications 
 
As mentioned above, testing and modification of the Mid-TRAM protocol is an ongoing process.  Staff 
from DNREC and PDE worked over the winter of 2010/11 to develop and assess version 2.0 as well as 
the new Shoreline attribute.   The shoreline attribute was to address erosion and alterations along the 
seaward margins of the wetlands, something not assessed in the other attributes.  With increasing sea 
level rise and predictions of increased storms, PDE decided to add an attribute to assess the condition of 
the seaward margin of tidal wetlands (Shoreline attribute) to complement the existing attribute that 
assesses the condition of the landward margin (Buffer attribute).  
 
A shoreline is defined as the area between the edge of the (contiguous) vegetated marsh and 
mean low water along the nearest adjacent water body to the assessment area. The water 
body must be a tidally influenced creek or open bay with a minimum width of 30 m. This 
criterion will ensure that the water body has sufficient surface area and fetch to be exposed to 
wave and erosion energies. If no suitable water body is within 250 m of the center of the 
assessment area, then shoreline condition was not assessed for that point. Five metrics were 
first considered for the Shoreline attribute.  After much discussion and a field testing with PDE 
and DNREC assessment teams, two of the five metrics were incorporated into the Mid-TRAM 
version 3.0.  These metrics were S1: shoreline alteration and S2: shoreline erosion.  
 
Shoreline metrics were performed at various types of wetlands during this study (fresh, 
brackish, salt).  When the sites is close enough for the shoreline attribute to be employed 
(within 250m from AA) the metric was very easy.  For the shoreline erosion metric, the data 
shows that collecting these data at 5 transects helps to account for natural variability 
associated with the fact that there is natural erosion and accretion in tidal habitats (see case 
specific data below). In other words, a stable marsh should have equal amounts of accretion to 
balance erosion, resulting in a mean field score of 5 assessment points of zero.  Net erosion is 
reflected by negative values and net accretion by positive values. 
 
While PDE and DNREC are pleased with the results from the two new metrics, there is concern 
that it is not fully addressing all the concerns with shorelines along the bays.  For instance in the 
Barnegat Bay a mosquito ditching practice called Open Marsh Water Management (OMWM) is 
being performed to the edge of the marsh.  This is creating multiple ditches into the wetland 
platform and may be creating more erosion along the shoreline edge.  PDE and other partners, 
including New York City Parks, are continuing to work on how to enhance the shoreline 
attribute without greatly adding to the field time per sample point.  

Watershed-Level RAM Results  
 
Seven watersheds have at least been partially assessed by PDE and partners using the Mid-TRAM 
protocol to address Goal 1 in the Objectives and Approach section above.  Detailed results are described 
in this section for three of these watersheds (i.e. the ones that were the focus of this funded project): 
the Christina River, DE, Maurice River, NJ, and Broadkill River, DE.  Preliminary results for the other four 
watersheds are included in the subsequent section, Watershed Comparisons.  
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Tidal wetlands in the Christina are freshwater tidal marshes mainly, whereas, most sample points in the 
Maurice and Broadkill watersheds were salt marshes.  Comparing Maurice and Broadkill provides a way 
to contrast stressor-condition relationships between similar habitats in different states, which have 
been managed differently (Somers 2011). 
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Figure 7: Map of 30 sample points within tidal wetlands of the 
Christina Watershed of the Delaware Estuary that were 
assessed using the Mid-TRAM protocol in 2011. 
 
 
 

 
 
Figure 8: Photos demonstrating typical conditions 
encountered within the Christina tidal wetland assessment in 
summer 2011:  (top right to bottom left) Tidal freshwater 
marshes contain high numbers of co-dominant species within 
small areas.  Numerous highways transect the marsh 
complex. Railroads and bridges are common in this 
watershed.  A large landfill is within the watershed and its 
associated run-off affects the region. 

1. Christina River Rapid Assessment 
 
Thirty points were assessed in tidal 
wetlands of the Christina River 
watershed between August 10, 2011 
and September 13, 2011.  Completion 
of the last 9 sample points was 
delayed by the passing of Hurricane 
Irene, but senescence of emergent 
plants had not fully commenced.  
However, it is recommended that 
future assessments of freshwater tidal 
marshes be completed by early 
September because freshwater tidal 
plants senesce earlier than salt marsh 
plants and this could occur as early as 
Labor Day. 
 
The 30 sample points extended from 
near the port of Wilmington to 
Lewden Greene Park (see Appendix B 
for point locations).  The points are 
shown in Figure 7.  All 30 points were 
able to be assessed using standard 
circular assessment area and 
approach, but 8 of the 30 original 
points needed to be dropped.  
Reasons for dropping sites in the 
Christina watershed included being 
inaccessible because they were 
completely bounded by interstate 
highways and were not able to be 
accessed safely.  Some sites were no 
longer wetlands but were capped 
superfund sites, landfills or open 
water. In other cases the points fell on 
private property and access 
permission was not permitted. Five of 
the points contained >10% upland 
habitats and 3 points contained >10% 
open water; however, once moved 
<100m they were still regarded as 
assessable based on Mid-TRAM 
criteria.  
 
The types of tidal wetlands all were 
classified as either Estuarine Tidal 
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Figure 9: Histogram showing the range of mean buffer widths 
surrounding the assessment circles for 30 tidal wetland 
sample points in the Christina Watershed, 2011 (Metric B2). 
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Figure 10: Histogram showing the range of composite buffer 
scores for 30 tidal wetland sample points in the Christina 
Watershed, 2011. 
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Fringe or Expansive Estuarine Tidal 
Fringe.   
 
Twenty-one of the 30 points were 
considered natural wetlands, 6 were 
within impoundments (possible tidal 
restricted), and 3 were 
enhanced/restored wetlands.  The 
photos in Fig. 8 show some of the 
most common landscapes and 
vegetation encountered in the 
Christina assessment. 
 
On  average (n=30) the distance to the 
nearest upland habitat was 220.9m 
and the distance to the nearest open 
water was 190.4m. 
 
The salinity at every site was zero, 
confirming that these were indeed 
freshwater tidal wetlands, at least 
during the late summer of 2011. 
 
 
Buffer Attribute.  Metric B1; the 
percent of five meters around the 
assessment circle that was natural 
lands (unlikely to impede marsh 
migration) varied from 75-100% and 
averaged 97.3%.  Therefore, all 
sample points scored well with regard 
to this buffer metric (either 9 or 12 
points out of 12). The average buffer 
width (mean of 8 “spoke” transects) 
varied from 49 m to 268 m and the 
mean was 179 m (metric B2).  The 
percentage of the 250 m wide buffer 
surrounding each assessment area 
that was developed varied widely 
from 0-50% and averaged 18.6% (B3).  
Although this development 
percentage does not appear to be 
extremely high given the predominant 
urban/suburban land use in the area, 
a disproportionate number of the 
samples points appeared to 
nevertheless be blocked from 
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Figure 11: Histogram showing the range of composite 
hydrology scores for 30 tidal wetland sample points in the 
Christina Watershed, 2011. 
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landward migration due to 
impediments within that same 250 m 
buffer.  The metric that examines 
obstructions to landward migration 
(B5) found an average of 63.7% for 
perimeter obstructions, indicating that 
more than half of the points would be 
at least partially obstructed from 
migrating with sea level rise. 
 
Raw data for all buffer metrics is 
provided in Appendix B.  The 
composite scores for Christina buffers 
ranged between 20 and 93 with a 
mean of 49.8 (n=30).  As shown in 
Figure 10, the distribution of buffer 
scores was skewed toward the lower 
end, suggesting that the majority of 
sites were impaired at least partially 
by migration impediments.  
 
Hydrology Attribute.  The Christina 
marshes generally scored higher for 
hydrology than for buffers (Fig. 11). 
The average composite score was 72.8 (n=30, SD ±29.4).   
 
Ditching and draining (metric H1) averaged 11.8 out of 12 possible points, with only 2 sites showing 
evidence of this disturbance.  Fill and fragmentation (H2) was observed at one third of the sites, 
however, averaging 9.4 out of 12 points.  Evidence of diking and tidal restrictions (H3) was found at 
almost half the sites (14 of 30), and the mean score for this metric was 8.2 of 12 points.  Finally, 
potential stress associated with points sources (H4) was seen at 13 of 30 sites, and this point score 
averaged 8.8 of 12.  Therefore, the potential hydrological stressors in the tidal marshes of the Christina 
were mostly associated with alteration of tidal exchange via dikes or restrictions (roads and bridges) 
(H3) and point sources (H4). 
 
Habitat Attribute.  Marshes in the Christina watershed generally had a deep peat layer, as evidenced by 
the right skewed histogram in Figure 12. The average depth of the organic later was 28.0 cm (n=30, SD 
±12.6).   
 
Although the marshes had a thick organic layer, the composition was not firm as evidenced by low 
bearing capacity.  Bearing capacity is inversely associated with the distance traveled by the slide 
hammer and this distance was relatively high in Christina marshes (mean = 4.9 cm, SD ±2.0, n=30).  This 
is not unexpected since the Christina is dominated by freshwater tidal marshes (Appendix B).  Salinities 
were zero at all sites.  The low bearing capacity of Christina marshes led to a moderate score for habitat 
metric 1 (HAB 1).  The mean HAB 1 value was 6.6 out of 12 points.   
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Figure 12: Histogram showing the range of peat layer depths 
measured for 30 tidal wetland sample points in the Christina 
Watershed, 2011. 
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Figure 13: Histogram showing the range of composite habitat 
scores for 30 tidal wetland sample points in the Christina 
Watershed, 2011. 
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Since softer substrates may be a 
natural feature of freshwater tidal 
marshes, the low HAB 1 scores need to 
be interpreted with caution when 
compared to salt marsh values.  But 
this potential scoring bias against 
freshwater marshes appeared to be 
compensated by HAB 2, vegetation 
obstruction, which tended to score 
higher for freshwater tidal marshes 
due to their extensive and tall natural 
canopy density (e.g., cattails, wild rice, 
Phragmites).  In freshwater tidal 
marshes of the Delaware Estuary, 
vascular plants of the high marsh can 
exceed 15 feet in height.  The mean 
score for vegetation obstruction 
(reflects both canopy height and 
cover) in the Christina was 10.6 out of 
12 points. The number of plant canopy 
layers was moderate, averaging 8.8 of 
12 points.   
 
One of the main habitat stressors seen 
in freshwater tidal marshes was the 
abundance of invasive species at many 
sites, including Phragmites and mile-a-
minute.  The metric that assesses 
dominance by invasives (HAB 4) 
averaged 8.9 of 12 points, and the 
metric that examines percent cover of 
invasives (HAB 5) averaged 7.9 of 12 
points.  Averaged across all 30 sites, 
invasive species percent cover was 
33.7%. 
 
The composite score for all five habitat 
metrics averaged 61.8 (SD ±16.3) for 
30 sites within tidal marshes of the 
Christina watershed (Fig. 13).  The 
probability distribution was normal 
except for a subset of sites that scored 
very low (leftmost bar in Fig. 13), and 
those sites were mainly impaired by 
high invasive colonization. 
 
Shoreline Attribute.  Data were 
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Figure 14: Box and Whisker plot contrasting the distribution of 
scores for buffer, hydrology, and habitat attributes within the 
Mid-TRAM v.3 assessment for 30 tidal wetland sample points 
in the Christina Watershed, 2011. Shoreline attribute scores 
are not shown because they were under trial and assessed at 
17 of 30 points. 
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collected in the Christina watershed for the two shoreline assessment metrics that were developed in 
2010 and subsequently added to the Mid-TRAM v.3 protocol on a trial basis.  Of the 30 RAM points in 
the Christina, 17 were able to be assessed for shoreline condition, and the others were too far removed 
from a shoreline to be representative.   
 
Alterations of the shoreline associated 
with bulkheads, piers, or other 
structures were evident at 7 of these 
17 sites. The average score for degree 
of shoreline alteration (S1) varied 
similar to other RAM metrics, varying 
from 3 (lowest condition) to 12 
(highest condition).  In the Christina, 
there was slightly more alterations 
than not. The main shoreline 
alterations seen in the Christina were 
bulkheads. 
 
Shoreline erosion was assessed as 
being either eroding (-1), stable (0) or 
accreting (+1), and then assigned as 
mean score from 3 (lowest condition, 
severely eroding) to 12 (highest 
condition; i.e. accreting or stable).  
The mean degree of erosion averaged 
-0.22 across the 17 sites examined, 
meaning that on balance more sites 
had net erosion than had accretion or 
were stable.  The mean score for the 
erosion metric (S2) was 7.1 out of 12 
points. 
 
Summary. Twenty-two of the thirty Christina points were characterized as relatively “healthy and 
stable,” whereas 7 points were beginning to deteriorate or fragment, and 1 point was already severely 
fragmented/deteriorated (Appendix B).   
 
A comparison of the three main attributes (buffers, hydrology, habitat) is shown in Figure 14.  In the 
future, we plan to integrate the new shoreline attribute into the overall score for a site, however, for 
this report those data are treated separately because only a subset of sites and watersheds were 
assessed for shoreline condition. In the Christina watershed, tidal marshes were significantly more 
impaired from buffer conditions (lack of buffers) than from hydrological alterations, as demonstrated by 
analysis of variance (p<0.05).  Mean scores for habitat conditions were not significantly different from 
both buffers or hydrology attributes (Tukey’s multiple range analysis, p>0.05).   
 
In summary, tidal wetlands within the Christina watershed are impaired more by a lack of landward 
migration potential and presence of development surrounding many sites.  Invasive species were also a 
significant problem in the Christina, lowering habitat scores and demonstrating moderately stressed 
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Figure 15: The Cumulative Distribution Function for tidal wetlands in the Christina watershed.  The 
orange and green dashed lines signify the condition category breakpoints dividing severely stressed 
from moderately and minimally stressed portions of the tidal wetland population. 

levels.  Hydrological alterations, on the other hand, were not a major problem in this urban/suburban 
landscape. 
 
The integrated final score for the 30 points within Christina marshes averaged 61.4 (SD ±18.9).  The 
cumulative distribution function graph for tidal wetlands in the Christina watershed (Fig. 15) represents 
the condition of the entire population of tidal wetlands.  A very small proportion of the population was 
in very good condition, illustrated by the sharp jump between 85 and 90, however 80% of the tidal 
wetlands were scored as moderately or severely stressed.  Using the top percentiles method to 
determine break points positioned the cutoffs close to the natural break points in the population fell out 
at 55.14 and 82.22. 

  
The orange and green dashed lines in Figure 15 depict the condition category breakpoints dividing 
severely stressed from moderately and minimally stressed portions of the tidal wetland population. 
 
Based on the MidTRAM condition scores, 43% of the tidal wetlands in the Christina watershed were 
highly stressed, 37% moderately stressed, and 20% were minimally or not stressed (Fig. 16).   
 
Observations and management recommendations on Christina coastal wetland health.  Our report card 
indicates that the majority of tidal wetlands within the Christina are impaired (either moderately or 
severely stressed).  Although there are not many options for facilitating landward migration in this 
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Figure 17: Map of sample points within tidal wetlands of the 
Maurice Watershed of the Delaware Estuary that were 
assessed using the Mid-TRAM protocol in 2011. 
 
 
 
 

 
Figure 16: Pie chart depicting the relative 
proportion of severely, moderately, and minimally 
stressed tidal marshes within the Christina 
Watershed, assessed across 30 random points 
during summer 2011.  

densely developed watershed, there could be 
waterfront redevelopment opportunities or 
seaward expansion prospects that could make 
use of ample dredged sediments nearby (the 
Wilmington port is requires frequent 
maintenance dredging to maintain the channel). 
Use of living shorelines could also help to sustain 
and possibly expand marshes seaward in some 
locations.  Invasive species control would be 
difficult but should be attempted in areas where 
resources can be marshaled.  Most importantly, 
regulations that prohibit development, filling, 
and hydrological alterations should be enforced. 
 

2. Maurice River Rapid Assessment 
 
Thirty points were assessed in tidal wetlands of 
the Maurice River watershed between July 6, 2011 and August 5, 2011 (Fig. 17).  Sampling occurred 
during the peak of the growing season.   
 
The 30 sample points extended from the mouth of the river to just below Union Lake (see Appendix B 
for point locations). Twenty-nine of the 30 points were able to be assessed using standard circular 
assessment area and approach, and one assessment area had to be adjusted to a rectangle. Thirteen of 
the 30 original points were not assessed, due mainly to landowner permission issues. Three of the thirty 
points assessed contained >10% 
upland habitats, whereas 13 points 
contained >10% open water, yet all 
were moved <100m to fit within the 
criteria and be assessed. 
  
The types of tidal wetlands were 
mainly classified as either Estuarine 
Tidal Fringe or Expansive Estuarine 
Tidal Fringe, and one point was 
classified as Marine Tidal Fringe.  
Twenty-eight of the 30 points were 
considered natural wetlands, 1 was 
within an impoundment and 1 was 
an enhanced/restored wetland.   
 
The photos in Fig. 18 show some of 
the most common landscapes and 
vegetation encountered in the 
Maurice assessment. 
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Figure 19: Histogram showing the range of composite buffer 
scores for 30 tidal wetland sample points in the Maurice 
Watershed, 2011. 
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Figure 18. Pictures from Maurice River, NJ (top left to bottom 
right);  Parts of the marsh were dominated by tall invasive 
Phragmites, seen in the first picture. Another stressor found 
along the Maurice River was dilapidated houses and piers 
which get scored in the shoreline metric.  A stressor found just 
below a waste water treatment plant was plants having little to 
no below ground biomass, yet their roots were above the 
sediment.  In general Spartina alternaflora was the dominant 
vegetation in the marsh complex. 
 
 

 

 

 

      
        

       

On average (n=30), the distance to 
the nearest upland habitat was 
214.0 m and the distance to the 
nearest open water was 230.4 m.  
 
The salinity was highly variable, 
ranging between 0 ppt in 
freshwater tidal wetlands further 
up the watershed to as high as 25 
ppt nearer the river mouth to 
Delaware Bay.  Salinity was not 
measured at 3 of the sample 
points.  The average salinity (n=27) 
was 8.0 ppt.  These results are 
consistent with vegetation patterns 
which suggest that the Maurice 
watershed has a broad salinity 
gradient and marshes ranging 
among freshwater, brackish and 
salt marshes.  Actual salinity 
readings can be influenced by 
weather events and variation in 
hydroperiod with moon phases. 
 
Buffer Attribute.  The percent of 
the assessment area circle with a 5 
meter perimeter that was natural 
lands (unlikely to impede marsh 
migration) varied from 40-100% 
and averaged 98.0% (B1).  
Therefore, all sample points scored 
well with regard to this buffer 
metric (most were 12 points out of 
12). The average buffer width 
(mean of 8 “spoke” transects) 
varied from 115 m to 250 m and 
the mean was 177 m (Fig. 19) (B2).   
 
The percentage of the 250m wide 
buffer surrounding each 
assessment area that was 
developed varied widely from 0-
23% and averaged only 5.3%, much 
lower than in the Christina (B4).  
The metric that examines 
obstructions to landward migration 
found an average of 20.7% for 
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Figure 20: Histogram showing the range of composite 
hydrology scores for 30 tidal wetland sample points in the 
Maurice Watershed, 2011. 
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Figure 21: Histogram showing the range of peat layer depths 
measured for 30 tidal wetland sample points in the Maurice 
Watershed, 2011. 

Depth of Peat Layer (cm)

Fr
eq

ue
nc

y

0 10 20 30 40 50 60
0

2

4

6

8

10

perimeter obstructions, again, much 
lower than in the Christina (B5). This 
suggests that a greater proportion of 
places will be capable of migrating 
landward with sea level rise, 
compared to the Christina. 
 
Raw data for all buffer metrics is 
provided in Appendix B.  The 
composite scores for Maurice buffers 
ranged between 40 and 100 with a 
mean of 72.7 (n=30).  As shown in 
Figure 20, the distribution of buffer 
scores was skewed toward the right 
end, suggesting that the majority of 
sites were considerably impaired by 
migration impediments, compared to 
the Christina (Fig. 10). 
 
Hydrology Attribute.  Similar to the 
Christina, the Maurice marshes 
generally scored higher for hydrology 
than for buffers (Fig. 20). The average 
composite score was 89.7 (n=30, SD 
±18.5).   
 
Ditching and draining ( H1) averaged 
11.9 out of 12 possible points, with 
only 1 site showing evidence of this 
disturbance.  Fill and fragmentation 
(H2) was observed at only 4 of the 30 
sites, averaging 10.9 out of 12 points.  
Evidence of diking and tidal 
restrictions (H3) was found at almost a 
third of the sites (8 of 30) but was not 
very severe, and the mean score for 
this metric was 9.7 of 12 points.  
Finally, only one of the sites showed 
evidence of potential stress from a 
point source (H4), and that metric 
averaged 11.8 of 12.   
 
Therefore, the Maurice is relatively 
free of hydrological stressors, except 
for tidal restrictions and diking, which 
can affect delivery of sediment 
subsidies that help marshes accrete 
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Figure 23: Histogram showing the range of composite habitat 
scores for 30 tidal wetland sample points in the Maurice 
Watershed, 2011. 
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with sea level rise.  
 
Habitat Attribute.  The peat layer depths in the Maurice marshes were variable, some deeper and some 
shallower (Figure 21). The average depth of the organic later was slightly shallower than the Christina, 
24.5 cm (n=30, SD ±15.6).   
 
Bearing capacity was lower than the Christina, surprisingly, since many of these wetlands are salt 
marshes which are expected to be firmer.  The slide hammer distance averaged 5.6 cm (n=30, SD ±4.0).  
The Maurice system has both freshwater tidal and salt marshes, and the average salinity was 8.0 ppt 
(n=30, SD ± 6.5). Likely, the diverse range of peat depths (Fig. 21) was associated with this variable 
firmness of the marsh surface. 
 
The unexpected low bearing capacity 
of Maurice marshes led to a reduced 
score for habitat metric 1 (HAB 1).  
The mean HAB 1 value was 7.1 out of 
12 points, comparable to the Christina 
marshes.   
 
Vegetation obstruction (HAB 2) scores 
high for the Maurice, averaging 11.2 
out of 12 points.  Generally, most 
marsh sites here had a dense canopy 
of vegetation, often dominated by 
Spartina alterniflora and Spartina 
patens in the salt marshes.  There 
were not as many plant layers in 
many of the Maurice marshes, 
presumably due to the shorter 
canopies that typify many salt 
marshes.  The plant layer metric (HAB 
3) was moderately high, however, 
with a mean score of 8.8 of 12 points. 
 
Invasives were present at many sites 
in the Maurice, but they were slightly 
less dominant as in the Christina.  The invasives dominance metric (HAB 4) scored 9.2 and the invasives 
percent cover metric scored 8.3 out of 12 points.  Averaged across all 30 sites, invasive species percent 
cover was 26.4%. 
 
The composite score for all five habitat metrics averaged 65.8 (SD ±14.3) for 30 sites within tidal 
marshes of the Maurice watershed (Fig. 23).  The probability distribution was normal except for a subset 
of sites that scored moderately low (leftmost two bars in Fig. 23), which was similar to the Christina.  
 
Shoreline Attribute.  Data were collected in the Maurice watershed for the two shoreline assessment 
metrics that were developed in 2010 and subsequently added to the Mid-TRAM v.3 protocol on a trial 
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Figure 24: Box and Whisker plot contrasting the distribution of 
scores for buffer, hydrology, and habitat attributes within the 
Mid-TRAM v.3 assessment for 30 tidal wetland sample points 
in the Maurice Watershed, 2011. Shoreline attribute scores 
are not shown because they were under trial and assessed at 
12 of 30 points. 
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basis.  Of the 30 RAM points in the Maurice, 12 were able to be assessed for shoreline condition, and 
the others were too far removed from a shoreline to be representative.   
 
Alteration of the shoreline associated with bulkheads, piers, or other structures was evident at only 1 of 
these 12 sites. Shoreline erosion was assessed as being either eroding (-1), stable (0) or accreting (+1), 
and then assigned as mean score from 3 (lowest condition, severely eroding) to 12 (highest condition; 
i.e. accreting or stable).  The mean degree of erosion varied from -1.0 (eroding at all 5 subset points) to 
+0.6, and this metric averaged -0.42 across the 12 sites examined.  This indicates that marsh edges in 
the Maurice were experiencing greater net erosion in excess of that in the Christina watershed. The 
mean score for the erosion metric (S2) 
was 6.0 out of 12 points, again 
suggesting that erosion was a major 
stressor in the Maurice watershed. 
 
Summary. Twenty of the thirty 
Maurice points were characterized as 
relatively “healthy and stable,” 
whereas 8 points were beginning to 
deteriorate or fragment, and 2 points 
were observed to be severely 
fragmented/deteriorated (Appendix 
B).   
 
A comparison of the three main 
attributes (buffers, hydrology, habitat) 
is shown in Figure 24.  In the future, 
we plan to integrate the new 
shoreline attribute into the overall 
score for a site, however, for this 
report those data are treated 
separately because only a subset of 
sites and watersheds were assessed 
for shoreline condition. In the Maurice 
watershed, tidal marshes were 
significantly more impaired from 
hydrological factors, especially diking 
and presence of mosquito ditching, 
compared with buffer and habitat factors. Analysis of variance indicated that the mean score of 
hydrological condition was significantly lower (p<0.05) than the mean score for buffer and habitat 
condition, which were statistically similar.   
 
In summary, tidal wetlands within the Maurice watershed are considerably impaired by hydrological 
alterations such as diking and mosquito ditching, but their biological condition was in relatively decent 
condition despite these factors.  Rates of tidal wetland loss observed between 1996-2006 were highest 
in the Bayshore portion of the Delaware Estuary (PDE 2012), which includes the Maurice watershed. 
High net erosion conditions were observed at 8 of 12 sites in the Maurice, which is consistent with 
remote sensing data showing high losses of marsh acreage in the region.  Since the rapid assessment 
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Figure 25: The Cumulative Distribution Function for tidal wetlands in the Maurice watershed.  The 
orange and green dashed lines signify the condition category breakpoints dividing severely stressed 
from moderately and minimally stressed portions of the tidal wetland population. 

approach only examines the condition of marshes which are currently vegetated and intact, our 
relatively good scores for habitat and buffer attributes in the Maurice fail to capture the stress from 
erosion and acreage losses.  In areas experiencing marsh drowning or edge erosion, hydrological and 
shoreline condition are therefore recommended as most helpful for gauging stress, or perhaps better 
termed, “vulnerability”.  Indeed, points that were found to have both moderate to high hydrological 
stressors and high erosion conditions may be situated on the “front lines” and in danger of being lost in 
the future.  In areas where marshes transgress inland, new sample points might be needed if the rapid 
assessment can be repeated, which would require updated NWI maps or another suitable base layer for 
the initial random point drop. 
 
The integrated final score for the 30 points within Christina marshes averaged 76.1 (SD ±14.3), which 
was higher than for the Christina watershed.  The cumulative distribution function graph for tidal 

wetlands in the Maurice watershed (Fig. 25) represents the condition of the entire population of tidal 
wetlands and shows a fairly sharp slope above 85.  A small proportion of the population was in very low 
condition, illustrated by short line between 50 and 60.  Using the top percentiles method to determine 
break points positioned the cutoffs close to the natural break points in the population break points of 
85.5 and 62.9 were established. 
 
The orange and green dashed lines in Figure 25 depict the condition category breakpoints dividing 
severely stressed from moderately and minimally stressed portions of the tidal wetland population. 
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Figure 26: Pie chart depicting the relative proportion of 
severely, moderately, and minimally stressed tidal 
marshes within the Maurice Watershed, assessed across 
30 random points during summer 2011.  

Based on the MidTRAM condition scores, 
27% of the tidal wetlands in the Maurice 
watershed were highly stressed, 40% 
moderately stressed, and 33% were 
minimally or not stressed (Figure 26).  A 
smaller percentage of wetlands were 
severely stressed as compared to the 
Christina tidal wetlands, and a larger 
percentage of wetlands were minimally or 
not stressed.  
 
Observations and management 
recommendations on Maurice coastal 
wetland health.  Our report card indicates 
that the majority of tidal wetlands within 
the Maurice are impaired (either 
moderately or severely stressed).  The 
main stressor in this watershed was found 
to be diking and tidal restrictions, likely 
combined with sea level rise.  The main response variable for these stressors is likely to be wetland loss 
via drowning and erosion, and so the rapid assessment approach has limited utility for gauging sheer 
loss rates, which is best accomplished using remote sensing (Tier 1 of MACWA).  However, the erosion 
condition metric within the new shoreline condition attribute was especially useful for capturing this 
condition variable.   
 
Since wetland loss rates in the Maurice watershed portion of the Delaware Estuary (NJ Bayshore) are the 
highest in the region (PDE 2012), our results are consistent with high erosion or drowning.  The 
hydrological impairments recorded at 29 of 30 wetland sites are concerning because they may be 
contributing to erosion or drowning of marshes by their interruption of sediment supply, or other 
factors.  When tidal exchange is cut off (dikes) or impeded (restrictions), external supplies of sediment-
laden water can be reduced.  Inorganic sediments from outside the marsh are an important component 
of marsh accretion in most coastal wetlands, which together with organic production in situ 
(peat) help marshes keep pace with sea level rise.   
 
Therefore, managers of coastal wetlands in the Maurice watershed (and likely other Bayshore areas) 
should be attentive to these factors that could hamper marshes keeping pace with rising sea levels.  
Normal hydrological exchange should not be restricted, and dikes and impoundments should only be 
maintained if critically necessary.  For areas that have been diked for a long time (e.g. for salt hay 
farming), current marsh elevations may be too low already due to prolonged periods of sediment 
starvation. In those areas, direct sediment application (e.g. spraying of dredge materials, a.k.a. beneficial 
use, see DERSMW 2013) should be promoted to help elevate marsh surfaces into the optimal growth 
range of appropriate species of vascular plants.  In areas that are experiencing significant erosion of 
marsh edges, environmentally-friendly tactics should be explored to promote edge stabilization such as 
bio-based or hybrid living shorelines (PDE 2012b, Whalen et al. 2011). 
 
Besides these tactics to stem wetland loss along the seaward margin and in internal areas of existing 
marshes, managers should work to facilitate or allow tidal marsh transgression inland, where possible.  
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Figure 27: Map of 35 sample points within tidal wetlands of 
the Broadkill Watershed of the Delaware Estuary that were 
assessed using the Mid-TRAM protocol in 2010.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 28: Photos demonstrating typical conditions 
encountered within the Broadkill tidal wetland assessment in 
summer 2011 (top left to bottom right); Water control 
structures are found within the National Wildlife Refuge.  
There are also multiple bridges spanning the waterways.  
Some agriculture is encroaching on the wetlands. When not 
stressed, the wetlands were typically dominated by Spartina 
alterniflora and S. patens 

Models indicate that seaward losses of marshes will be double the gains due to marsh migration 
(Kreeger et al. 2010), and so these net future losses can be partially offset with proactive facilitation of 
inland development of tidal wetlands.  There are many marsh migration tactics, including conservation 
easements and other incentives for 
farmers or forest holders. 
 
 

3. Broadkill River Rapid 
Assessment 

 
Thirty-five points were assessed in 
tidal wetlands of the Broadkill River 
watershed between July 16, 2010 
and August 27, 2010 (Note: two 
additional points were assessed in 
the Delaware Inland Bays which is 
not part of the Delaware Estuary and 
those results are not included here).  
The lead entity for these assessments 
was the Delaware Department of 
Natural Resources and Environmental 
Control, which was a partner for this 
study.  These assessments were also 
completed during the peak of the 
growing season, similar to the 
Christina and Maurice assessments. 
 
The 35 sample points extended from 
near Slaughter Neck to just north of 
Lewes (see Appendix B for point 
locations).  The points are shown in 
Figure 27.  Sixteen of the 35 original 
points needed to be moved to be 
assessable due to being too close to 
upland or open water.   The types of 
tidal wetlands were mostly classified 
as either Estuarine Tidal Fringe or 
Expansive Estuarine Tidal Fringe.  
However, Fresh Tidal Shrub Scrub (1 
point), Fresh Tidal Emergent (1), and 
Fresh Tidal Forested (4) were also 
present in the Broadkill watershed 
assessment.  
 
Thirty-one of the 35 points were 
considered natural wetlands and 7 
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Figure 29: Histogram showing the range of mean buffer 
widths surrounding the assessment circles for 37 tidal wetland 
sample points in the Broadkill Watershed, 2010. 
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Figure 30: Histogram showing the range of composite buffer 
scores for 37 tidal wetland sample points in the Broadkill 
Watershed, 2010. 
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were within impoundments (possible 
tidal restricted). The photos in Figure 
28 show some of the most common 
landscapes and vegetation 
encountered in the Broadkill 
assessment. 
 
On average (n=35), the distance to 
the nearest upland habitat was 266.7 
m and the distance to the nearest 
open water was 445.0 m, reflecting 
much more expansive tidal wetlands 
than what was encountered in the 
Christina and Maurice Rivers. 
 
The salinity was highly variable, 
ranging from 0 to 40 ppt.  Several 
sample points had salinities in excess 
of full seawater, which can happen 
during ebb tide if water is draining 
hypersaline tide pools.  The average 
salinity (n=35) was 21.2 ppt, 
reflecting the dominance of salt 
marshes within this watershed. 
 
Buffer Attribute.  The percent of the 
assessment area circle with 5 meter 
perimeter that was natural lands 
(unlikely to impede marsh migration) 
varied from 80-100% and averaged 
99.1% (B1).  Therefore, all sample 
points scored well with regard to this 
buffer metric (either 9 or 12 points 
out of 12). The average buffer width 
(mean of 8 “spoke” transects) varied 
from 73 m to 250 m (Fig. 29) and the 
mean was 193 m (B2).   
 
The Broadkill watershed was less 
impaired by adjacent development 
overall. The percentage of the 250 m 
wide buffer surrounding each 
assessment area that was developed 
varied widely from 0-43% but 
averaged only 4.7% (B3).  Land use in 
uplands adjacent to many of these 
marshes was agricultural or forests, 
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Figure 31: Histogram showing the range of composite 
hydrology scores for 37 tidal wetland sample points in the 
Broadkill Watershed, 2010. 
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neither of which are considered development.  The metric that examines obstructions to landward 
migration confirmed this result, with only 5.0% obstructions within the buffer perimeter (B5).  Hence, 
tidal wetlands in the Broadkill are currently largely unimpeded as they might migrate landward as sea 
level rises. 
 
Raw data for all buffer metrics is provided in Appendix B.  The composite scores for Broadkill buffers 
ranged between 40 and 93 with a mean of 77.9 (n=35).  As shown in Figure 30, the distribution of buffer 
scores was skewed toward the upper end, suggesting that the majority of sites were not impaired by 
migration impediments, similar to the Maurice watershed. 
 
Hydrology Attribute.  Interestingly, the tidal wetlands of the Broadkill were found to contain a greater 
array of potential hydrological 
stressors than in the Christina or 
Maurice marshes.  Broadkill 
marshes averaged only 79.2 (n=37, 
SD ±11.0) for their composite 
hydrology score (Fig. 31).   
 
Ditching and draining (H1) was 
commonly seen in the Broadkill 
watershed, and the mean score for 
this metric was only 8.1 out of 12 
possible points. About two-thirds 
of the sites were at least 
moderately affected by mosquito 
control ditching, in particular. Eight 
of the 35 sites were found to have 
some limited filling or 
fragmentation disturbance (H2), 
averaging 11.2 out of 12 points.  
Almost half of the sites had some 
level of diking or tidal restriction 
(H3), and this metric averaged 9.4 
of 12 points.  On the positive side, 
none of the sites in the Broadkill 
were found to be affected by point sources (H4), and that metric averaged a perfect 12 out of 12 points 
overall.   
 
Therefore, the main hydrological impacts seen in marshes of the Broadkill watershed were associated 
with ditching and draining.  Diking and tidal manipulation were also witnessed at many sites.  These 
management activities could be important impacts with regard to the ability of these (mainly) microtidal 
salt marshes to keep pace with sea level rise since they can affect sediment delivery to the marshes or 
directly impact plant cover. 
 
Habitat Attribute.  Marshes in the Broadkill watershed had a generally similar mean peat layer depth 
(Fig. 32; mean= 24.6 cm, SD ±13.0, n=31) to that seen in the Christina (28.0 cm) and Maurice watersheds 
(24.5 cm).   



 

19 Monitoring and Assessment of Representative Tidal Wetlands of the Delaware Estuary 
PDE Report 13-03 

 

 
Figure 33: Histogram showing the range of composite habitat 
scores for 37 tidal wetland sample points in the Broadkill 
Watershed, 2010. 
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Figure 32: Histogram showing the range of peat layer depths 
measured for 31 tidal wetland sample points in the Broadkill 
Watershed, 2010. 
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The bearing capacity in Broadkill 
marshes was firmer than in the 
Christina and Maurice marshes, as 
seen by a mean slide hammer 
distance of only 3.4 cm (n=33, SD 
±2.0).  This is not unexpected since 
salt marshes dominated the Broadkill 
(Appendix B), and they tend to be 
firmer and easier to traverse.  
Salinities were much higher in the 
Broadkill, averaging 21.8 ppt (n=34, 
SD ±11.9), confirming the 
preponderance of salt marsh 
habitats. The higher bearing capacity 
of Broadkill marshes translated into a 
moderate score for habitat metric 1 
(HAB 1), which averaged 8.5 out of 12 
points.   
 
Vegetation obstruction (HAB 2) 
reflects both canopy height and 
cover, and in the Broadkill this metric 
scored rather low overall, averaging 
7.1 out of 12 points. The number of 
plant canopy layers was moderate as 
well, averaging 9.0 of 12 points.  
Many marshes in the Broadkill had 
denuded areas that appeared to be 
scoured along creek banks or 
affected by salt pans on high 
marshes.  The causes of these bare 
patches is still unclear because there 
are many factors that can contribute 
stress to plants and affect vegetative 
cover (die back, snow geese, 
grasshoppers, crabs, erosion, low 
elevation).  Nevertheless, since low 
vegetation canopy density can 
contribute to marsh vulnerability, this 
is concerning. 
 
On a slightly brighter note, marshes 
of the Broadkill were not as impaired 
by invasive species as in the Christina 
and Maurice systems, probably 
because fewer invasives can tolerate 
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Figure 34: Box and Whisker plot contrasting the distribution of 
scores for buffer, hydrology, and habitat attributes within the 
Mid-TRAM v.3 assessment for 37 tidal wetland sample points 
in the Broadkill Watershed, 2010. Shoreline attribute scores 
are not shown because they were not assessed here. 
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the higher salinities.  The metric that assesses dominance by invasives (HAB 4) averaged 9.7 of 12 points, 
and the metric that examines percent cover of invasives (HAB 5) averaged 8.8 of 12 points.  Averaged 
across all 37 sites, invasive species percent cover was still fairly high, however, at 19.5%. 
 
The composite score for all five habitat metrics averaged 63.5 (SD ±17.2) for 37 sites within tidal 
marshes of the Broadkill watershed (Fig. 33).  The probability distribution was more normal than in the 
Christina and Maurice systems.  
 
Shoreline Attribute.  Twelve of the 37 sample points in the Broadkill were assessed for shoreline 
condition.  Alteration of the shoreline associated with bulkheads, piers, or other structures was evident 
at only 1 of these 12 sites.  Shoreline erosion was assessed as being either eroding (-1), stable (0) or 
accreting (+1), and then assigned as mean score from 3 (lowest condition, severely eroding) to 12 
(highest condition; i.e. accreting or stable).  The mean degree of erosion varied from -1.0 (eroding at all 
5 subset points) to +0.6, and this metric averaged -0.44 across the 12 sites examined.  This was directly 
comparable to the Maurice watershed (-0.42), and it indicates that marsh edges in the Broadkill were 
experiencing net erosion. The mean score for the erosion metric (S2) was 5.3 out of 12 points, 
suggesting that erosion was a major stressor in the Broadkill watershed, perhaps even slightly worse 
than in the Maurice. 
 
Summary. Twenty-six of the thirty-seven Broadkill points were characterized as relatively “healthy and 
stable”, whereas 9 points were 
beginning to deteriorate or fragment, 
and no points were characterized as 
already severely 
fragmented/deteriorated (Appendix 
B).  This pattern of general 
observations was comparable to the 
Maurice watershed, which also has a 
lot of salt marshes. 
 
A comparison of the three main 
attributes (buffers, hydrology, 
habitat) is shown in Figure 34. In the 
Broadkill watershed, analysis of 
variance indicated that mean scores 
for the habitat attribute were 
significantly lower (p<0.05, Tukey’s 
multiple range analysis) than mean 
scores for the hydrology and buffer 
attributes, which were similar 
(p>0.05).  As noted above, many 
Broadkill marsh sites had lower scores 
for vegetation canopy robustness, 
possibly because of scouring/erosion, 
or biological factors.  The very low 
score for shoreline metric S2 (erosion) 
indicates that physical disturbance 
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Figure 35: The Cumulative Distribution Function for tidal wetlands in the Broadkill watershed.  The 
orange and green dashed lines signify the condition category breakpoints dividing severely stressed 
from moderately and minimally stressed portions of the tidal wetland population. 

might be the main driver for reduced vegetation roubustness.   
 
In contrast to NJ Bayshore tidal marshes (represented by Maurice marshes) which also had many salt 
marsh habitat sites, the Broadkill marshes were not markedly impaired by tidal restrictions or diking, 
and there were ample buffers for future landward migration. 
 
In summary, the condition of tidal wetlands within the Broadkill watershed was generally a bit better 
than seen in the Christina and Maurice watershed, but there were some lower habitat-associated scores 
due to lower vegetation cover and layer conditions, and also some invasives present. The presence of 
prevailing erosion conditions (-0.44 index) and reduced shoreline condition (5.25 of 12 points for metric 
S2) suggests the lower canopy vigor may be associated with the declining physical conditions rather than 
associated with natural biological stressors.  Alternatively, a greater proportion of Broadkill marshes 
were salt marshes (higher mean salinity), which have extensive stands of dominant short form Spartina 
alterniflora, perhaps contributing to lower canopy layer scores.  
 
The integrated final score for the 37 points within Broadkill marshes averaged 72.9 (SD ±9.7).  The 
cumulative distribution function graph for tidal wetlands in the Broadkill watershed (Fig. 35) represents 
the condition of the entire population of tidal wetlands and shows a fairly sharp slope above 65.    A very 
small proportion of the population were in very low condition, illustrated by the leveling levelness of the 
curve from 50 to approximately 65.  Using the top percentiles method to determine break points 
positioned the cutoffs close to the natural break points in the population which were 77.91 and 64.85. 
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Figure 36: Pie chart depicting the relative proportion of 
severely, moderately, and minimally stressed tidal 
marshes within the Broadkill Watershed, assessed 
across 37 random points during summer 2010.  

 
 
Based on the MidTRAM condition scores, 
only 11% of the tidal wetlands in the 
Broadkill watershed were highly stressed, 
but 49% were moderately stressed, and 
40% were minimally or not stressed (Figure 
36).  The Broadkill has a much smaller 
amount of severely stressed tidal wetlands, 
yet close to half of the wetlands are 
experiencing moderate stress. 
 
Observations and management 
recommendations on Broadkill coastal 
wetland health.  Our report card indicates 
that the majority of tidal wetlands within 
the Broadkill are impaired (either 
moderately or severely stressed).  Habitat 
stressors need more study to determine if 
they are due to changes in biological 
(invasives, snow geese, grasshoppers) or 
physical (erosion, scouring, sea level rise) factors.  Considering that 75% of points assessed for shoreline 
condition had net erosion (9 were eroding, 2 were stable, 1 was accreting), physical stressors may be 
more cause for concern, especially considering recent and projected future marsh losses (Kreeger et al. 
2010, PDE 2012a).  However, on the positive side coastal wetlands in the Broadkill watershed have 
higher potential for landward migration (comparatively higher buffer scores) and are not overly 
impaired by hydrological manipulation (comparatively higher hydrology scores).   
 
Management suggestions for sustaining Broadkill tidal wetlands are similar to the Maurice watershed.  
There might be opportunities to elevate marshes with sediment placement (DERSMW 2013) or armor 
eroding shorelines with living shoreline tactics (PDE, 2012c, Whalen et al. 2011).  Hence, managers here 
have an array of options to help sustain their critical tidal marshes.  
 

Watershed Comparisons  
 
Data from the three assessed watersheds were contrasted among each other and with results from 
other studies to address Goal 2 in the Objectives and Approach section above.  Included in this 
watershed comparison are data from this study (Broadkill, Christina, Maurice watersheds) plus data 
from other recent rapid assessment studies using the same methodology in the MACWA region.  Table 4 
summarizes the mean scores for the four main attributes and the overall RAM scores for seven 
watersheds (see Table 3 above for watershed sizes). Since the shoreline attribute was newly developed 
on a provisional basis, the overall shoreline condition score here was not included in the overall 
condition score, but is discussed throughout this report. 
 
Interestingly, the lowest and highest scoring watersheds were both dominated by freshwater tidal 
emergent marshes.  The poorest overall conditions were found in the Christina watershed (mean=61.4, 
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SE ±2.2, n=30), which stretches generally between Newark and Wilmington, Delaware.  The highest 
overall RAM final scores were measured in Crosswicks, NJ  (mean=77.0, SE ±3.4, n=15) yet this 
watershed is only half complete at the time of this writing, so this score  is preliminary and should not 
be compared as a while to the other watersheds in table 4.  The highest overall condition score of a 
watershed that has a full assessment is Maurice (mean=76.1, SE ±2.6, n=30).   
 
In Pennsylvania, less than 5% of pre-settlement acreage of freshwater tidal wetlands remains, and so we 
needed to sample among these three small watersheds to avoid overlap of assessment areas, but yet 
reach the minimum point number to be informative and statistically valid (30 points minimum).  When 
averaged among all 30 points within the PA tidal wetland sample frame, the overall RAM score was 73.5, 
which was still statistically greater (t-test, p<0.05) than the mean for 30 points in the Christina (61.4) but 
was not the greatest overall RAM score for the region (Table 4).   
 
Of interest were the intra-watershed Pennsylvania scores.  Within the Pennsylvania scores we teased 
out the Tinicum watershed (mean=78.9, SE ±3.6, n=11), which is higher than scores for PA marshes 
outside the Heinz Tinicum National Wildlife Refuge southwest of center city Philadelphia (e.g. Darby 
Creek and Neshaminy areas).  These results suggest that variation in wetland condition across the region 
is not due simply to natural variation in marsh type (e.g. freshwater tidal versus salt marshes) or salinity.  
Wetlands of the same type clearly do vary in condition among different watersheds, and probably also 
among different areas within a watershed (but we do not have enough point density to resolve intra-
watershed variability).  These results also suggest that wetland condition is higher within protected 
lands (a refuge) than in areas with less protection. 
 
 

Table 4. Summary of mean scores for main attributes buffers, hydrology, habitat and shoreline 
condition in 9 representative watersheds of the Delaware Estuary and Barnegat Bay estuary between 
2010-2012.  

 

Watershed State RAM 
points 

Buffer 
Condition 

Score 

Hydrology 
Condition 

Score 

Habitat 
Condition 

Score 

Shoreline 
Condition 

Score* 

Overall 
Condition 

Score 
Christina DE 30 49.8 72.7 61.8 57.8 61.4 
Maurice NJ 30 72.6 89.7 65.8 62.5 76.1 
Broadkill DE 37 77.9 80.2 63.4 59.7 73.8 

Crosswicks NJ 15 65.3 90.6 75.1 97.2 77.0 
Barnegat Bay NJ 30 77.8 72.5 67.1 50.0 72.5 

PA Tidal PA 30 59.3 90.0 70.4 69.6 73.5 
Mispillion DE 34 84.5 79.9 58.4 84.5 74.3 

    * Shoreline condition scores were provisional and hence not included in the overall condition score calculation. 
 
 

The greatest overall RAM score for watersheds that have salt marshes was in the Maurice watershed 
(76.1), but all watersheds having salt marshes were pretty similar overall (Table 4).  Figure 37 displays 
the general variability of scoring within the watersheds, suggesting that Christina and Maurice marshes 
tended to be more variable in condition than in the Mispillion marshes, for example (i.e., height of 
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Figure 37: Box and whisker plot for overall scores for the condition of tidal wetlands in nine 
representative watersheds of the Delaware and Barnegat Bay estuaries. 
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boxes).  Crosswicks and Mispillion watersheds had some low scoring outliers (i.e. dots outside of 
whiskers), which may require more analysis to understand.   
 
Although overall RAM scores were not vastly dissimilar among watersheds (Table 4, Fig. 37), the types of 
stressors and natural conditions varied considerably.  To understand this geospatial variation, we next 
examine differences in scores for the main attributes and some specific metrics. 
 

 
1. Buffer Attribute Data  

 
Buffer scores were greatest for wetland sites in the Mispillion and lowest for wetland sites in the 
Christina and Neshaminy (Fig. 38). In these areas, marshes are largely impeded from any landward 
transgression opportunities because of extensive landward development.  In contrast, watersheds 
having many salt marsh sites tended to have less development in and near their buffers and greater 
transgression opportunities; e.g., Mispllion, Barnegat Bay (southern portion), and Broadkill (Fig. 38). 
Four of the watersheds (Barnegat Bay, Broadkill, Mispillion and Tinicum) had notable poor-scoring 
outliers, indicating that a subset of sites had significant buffer issues.  
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Figure 38: Box and whisker plot of buffer condition scores among tidal wetlands sampled in seven 
representative watersheds of the Delaware and Barnegat Bay estuaries, 2010-2012. 
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Figure 39: Relationship between buffer score 
and salinity among 185 coastal wetland sites 
assessed in the Delaware and Barnegat Bay 
estuaries, 2010-2012 (linear regression of 
logarithm of Y and square root of X axes; 
p<0.0001; R2 =25.6%; corr. coeff. = 0.51). 
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 In general, freshwater tidal marshes of the Mid-
Atlantic sit at the uppermost regions of the 
estuaries, and this is also where urban and suburban 
development is concentrated, having been the 
furthest upbay that the vessels of early settlers 
could reach.  For these reasons, buffer scoring for 
freshwater tidal wetlands tends to be lower than for 
salt marshes, as depicted in Figure 39 which related 
buffer scores to salinity (buffer score = 60.9 +[0.86 x 
salinity]). 

Generally, the buffer perimeter surrounding each 
assessment circle was intact (not developed), as 
summarized for metric B1 in Fig. 40.  Analysis of 
variance and Tukey’s multiple range analysis 
indicated that mean B1 scores were in fact not 
significantly different (p>0.05) among any of the 
seven watersheds, with mean scores ranging only 
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Figure 40: Mean (±95% CI) scores for buffer 
metric B1 (percent of buffer perimeter 
undeveloped) among 204 coastal wetland sites 
assessed in the Delaware and Barnegat Bay 
estuaries, 2010-2012. 
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Figure 41: Mean (±95% CI) scores for buffer 
metric B3 (surrounding development) among 
204 coastal wetland sites assessed in the 
Delaware and Barnegat Bay estuaries, 2010-
2012. 

B3
 S

co
re

Barnegat B
ay

Broadkill

Chris
tin

a

Crosswicks

Mauric
e

Mispillio
n

PA Tidal
6.8

7.8

8.8

9.8

10.8

11.8

12.8

 
Figure 42: Mean (±95% CI) scores for buffer 
metric B4 (landscape condition) among 204 
coastal wetland sites assessed in the 
Delaware and Barnegat Bay estuaries, 2010-
2012. 
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between 11.6 (Christina) to 12 (Mispillion). The 
average buffer width (metric B2) was similarly 
consistent among the seven watersheds, except 
for significantly lower (ANOVA, p<0.05) mean 
scores for PA Tidal (7.5) and Crosswicks (8.8) 
watersheds compared to most others (>9.7).  
These metrics B1 and B2 were therefore not 
deemed to be overly sensitive to spatial 
variability in tidal marsh condition across the 
seven watersheds. 

On the other hand, metrics B3, B4 and B5 
demonstrated considerable spatial variability 
among watersheds.  Both index that assesses 
surrounding development (B3) and landscape 
condition (B4) tended to track each other on the 
lower side (Christina and Neshaminy).  But 
greatest B3 scores were in Mispillion, Barnegat and Broadkill (Fig. 41), whereas greatest B4 scores were 
in Crosswicks and Maurice (Fig. 42).  We conclude that buffer metrics B3 and B4 were very informative 
for describing different elements of buffer-associated degradation among tidal wetlands of the region.  
Tidal wetlands of the Christina had significantly lower (ANOVA, p<0.05) B4 scores than all other 
watersheds (Fig. 42). 
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Figure 43: Mean (±95% CI) scores for buffer 
metric B5 (migration barriers) among 204 
coastal wetland sites assessed in the 
Delaware and Barnegat Bay estuaries, 2010-
2012. 
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Figure 44: Average percentage of buffer 
obstructed (±95% CI) among 204 coastal 
wetland sites assessed in the Delaware and 
Barnegat Bay estuaries, 2010-2012. 
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Similarly, buffer metric B5 was also very useful for distinguishing variability in buffer condition among 
watersheds (Fig. 43), being very sensitive and descriptive for landward migration barriers. The actual 
percentages of buffers that were found to obstruct landward migration are depicted in Figure 44.  
Highest B5 scores were found in the Barnegat, Broadkill, and Mispillion watersheds (means of 10.8 or 
greater), compared to lower scores in the Christina, Crosswicks, and PA Tidal watersheds (means of 7.4 
or smaller). This pattern is reflected by the inverse relationship with actual percentage obstructions (Fig. 
44) in which the low B5 scoring watersheds had greater than 40% of the buffers obstructed, compared 
to the high B5 scoring watersheds which had <15% obstructed.  Metric B5 was therefore deemed very 
informative in the MidTRAM protocol. 

 

 

2. Hydrology Attribute Data  
 
Hydrology scores were greatest for wetland sites in the Crosswicks (mean=90.6, n=15), PA Tidal (mean = 
90.0, n=30) and Maurice (mean=89.7, n=30) watersheds, which were significantly greater (ANOVA, 
p<0.05) than the mean hydrology scores for the other four watersheds (means < 80.3). Two of the 
watersheds scored lowest: Barnegat Bay (mean=72.5, n=30) and Christina (mean=72.8, n=30). Although 
the overall range of mean scores for hydrology were not as variable as for buffer or habitat attributes 
(Fig. 45), these significant differences were regarded as informative of anthropogenic differences among 
watersheds that were not associated with natural factors; i.e., the low-scoring marshes consisted of 
both freshwater tidal and salt marshes, and so did the higher-scoring wetlands. 
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Figure 45: Box and whisker plot of hydrology condition scores among tidal wetlands sampled in nine 
representative watersheds of the Delaware and Barnegat Bay estuaries, 2010-2012. 
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To deduce what types of stressors led to this variability, one needs to explore differences within the 
individual metrics.  For example, the lower hydrology scores for the Barnegat Bay, Broadkill and 
Mispillion watersheds were partially explained by ditching and filling practices, which were captured by 
metric H1 (Fig. 46) and which were significantly lower (ANOVA, p<0.05) than all other watersheds.  
However, the Christina marshes did not have low H1 scores (Fig. 46). One of the main reasons that the 
Christina scored lower for hydrological impairment was because of the notable presence of point 
sources, which were captured by metric H4 (Fig. 47). The Christina was the only watershed examined to 
date with notable point source stressors, significantly different (ANOVA, p<0.05) than all other 
watersheds.   

 
  
The second hydrology metric (H2) examines whether marshes have fill or fragmentation issues, such as 
associated with roads, berms, walkways, or docks.  These structures can alter the water budgets, flows, 
or affect plant communities.  Barnegat Bay marshes were significantly lower scoring (ANOVA, p<0.05) 
than all other watersheds in regards to metric H2 (Fig. 48).  The Christina also had notable fill on many 
sites, and that watershed scored significantly better than Barnegat for H2 but significantly lower than all 
other sites.  All other watersheds scored relatively high and were not different from each with regard to 
fill and fragmentation stressors (Fig. 48). 
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Figure 46: Mean (±95% CI) scores for 
hydrology metric H1 (ditching and draining) 
among 204 coastal wetland sites assessed in 
the Delaware and Barnegat Bay estuaries, 
2010-2012. 
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Figure 47: Mean (±95% CI) scores for hydrology 
metric H4 (point sources) among 204 coastal 
wetland sites assessed in the Delaware and 
Barnegat Bay estuaries, 2010-2012. 
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Figure 48: Mean (±95% CI) scores for 
hydrology metric H2 (fill and fragmentation) 
among 204 coastal wetland sites assessed in 
the Delaware and Barnegat Bay estuaries, 
2010-2012. 

H2
 S

co
re

 (F
ill

 &
 F

ra
gm

en
ta

tio
n)

Barn
eg

at 
Bay

Broad
kil

l

Chris
tin

a

Cross
wick

s

Mauric
e

Mispilli
on

PA Tidal
6.4

8.4

10.4

12.4

14.4

 
Figure 49: Mean (±95% CI) scores for hydrology 
metric H4 (point sources) among 204 coastal 
wetland sites assessed in the Delaware and 
Barnegat Bay estuaries, 2010-2012. 
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Finally, hydrology metric H3 examined whether wetlands appeared to be affected by either dikes or tidal 
restrictions, both of which can interfere with the natural hydrology of a tidal wetland.  Generally, there 
was considerable variability within watersheds with regard to metric H3, and less variation among 
watersheds.  Only the Barnegat Bay watershed was free of these disturbances (mean score of 12 out of 
12 points).  Mean H3 scores for the other watersheds varied only between 8.2 and 10.6 (Fig. 49) with 
the Christina having the lowest H3 mean score. 
 
In terms of identifying and differentiating predominant hydrological stressors among watersheds, all 
four hydrology metrics were found to convey some useful information (Figs. 46-49).  Contrasted by 
stressor type, ditching and filling (metric H1) varied from a mean watershed score of 7.0 to 12.0 and was 
most problematic in Barnegat, Broadkill and Mispillion systems.  Fill and fragmentation (metric H2) 
varied from a mean watershed score of 7.1 to 12.0 and was most problematic in Barnegat Bay and 
Broadkill. Diking and tidal restrictions (metric H3) varied from a mean watershed score of 8.2 to 12.0 and 
was similarly problematic in Christina, Broadkill, Mispillion and PA Tidal watersheds.  Finally, point 
sources (metric H4) varied from a mean watershed score of 8.8 to 12.0 and was only problematic in the 
Christina system.  There did not seem to be any hydrology patterns that related to natural gradients 
such as salinity. 
 

3. Habitat Attribute Data  
 
Habitat scores were greatest for wetland sites in the Crosswicks watershed (mean=75.1, n=15) and PA 
Tidal watershed (mean=70.4, n=30), which were significantly greater (ANOVA, p<0.05) than mean 
habitat scores for the Mispillion (58.4, n=34), Christina (61.8, n=30), and Broadkill (63.6, n=37) 
watersheds, with other watersheds being in between (Fig. 45).  Habitat scores were marked by 
considerable variation within watersheds, as well as variation among watersheds.  Similar to the 
hydrology attribute, to discern watershed differences in wetland condition and associated causes, 
additional information can be mined from the actual metrics and their scores. For example, HAB 1 is the 
metric that grades the bearing capacity, which is the firmness or ability of soil to support loads.  Bearing 
capacity is measured by the distance traveled by a slide hammer which is pounded into the soil, 
therefore high distance values correspond to less firm substrates and lower HAB 1 scores.  
 
Watershed means for bearing capacity varied from 2.8 cm in Barnegat Bay (firmest) to 5.6 cm in Maurice 
marshes (soupiest) (Fig. 50).  Freshwater tidal marshes tend to be less firm and salt marshes tend to be 
more firm, easily observed by anyone needing to traverse these different wetlands; however this 
expected natural variation was generally supported by the watershed assessment data.  One of the 
lower scoring watersheds for HAB1 was the Maurice (Fig. 51), which also had the higher “soupiness”, as 
measured by bearing capacity (Fig. 50).  
 
. 
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Figure 45: Box and whisker plot of habitat condition scores among tidal wetlands sampled in nine 
representative watersheds of the Delaware and Barnegat Bay estuaries, 2010-2012. 
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When all sample point data were analyzed collectively, a simple regression did find an inverse 
relationship, however, between salinity and bearing capacity (p<0.0001, R2=13.3%, Fig. 52) whereby all 
sites having salinities greater than 15 had bearing capacity readings less than 8; i.e., they were firmer if 
saltier, whereas freshwater tidal marshes were highly variable in firmness. Hence, rapid assessment 
results for HAB 1 should always be mindful that some natural variation in soil firmness can be expected 
between salt marshes (almost always firmer) and freshwater tidal marshes (firm or soupy), and this low 
HAB 1 scores might be partially from natural causes.  Bearing capacity was only slightly related to the 
depth of the organic layer (linear regression, p=0.035, n=107), meaning that sites with deeper organic 
layers tended to be slightly firmer. 
 
The second habitat metric (HAB 2) assesses the robustness and height of the vegetation canopy within 
each assessment area, integrating data for the number of different plant layers and canopy density by  
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Figure 52: Relationship between bearing 
capacity (cm, logarithm transformed) and salinity 
(parts per thousand) at 185 coastal wetland 
sites in the Delaware and Barnegat Bay 
estuaries, 2010-2012. Bearing capacity is 
inversely related to firmness of the substrate. 
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Figure 53: Relationship between vegetation 
obstruction and salinity (parts per thousand) at 
187 coastal wetland sites in the Delaware and 
Barnegat Bay estuaries, 2010-2012. Vegetation 
obstruction is inversely related to canopy 
robustness. 
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Figure 50: Bearing capacity (mean ±95% CI) 
among 202 coastal wetland sites assessed in 9 
representative watersheds of the Delaware and 
Barnegat Bay estuaries, 2010-2012. Different 
letters above intervals denote significant 
differences (ANOVA, Tukey’s multiple range 
analysis, p<0.05). 
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Figure 51: Mean (±95% CI) scores for habitat 
metric HAB1 (bearing capacity) among 201 
coastal wetland sites assessed in the Delaware 
and Barnegat Bay estuaries, 2010-2012.  
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Figure 54: Horizontal vegetation obstruction 
(mean ±95% CI) among 201 coastal wetland 
sites assessed in 9 representative watersheds 
of the Delaware and Barnegat Bay estuaries, 
2010-2012. Different letters above intervals 
denote significant differences (ANOVA, Tukey’s 
multiple range analysis, p<0.05). 

 
 
Figure 55: Mean (±95% CI) scores for habitat 
metric HAB2 (vegetation obstruction) among 201 
coastal wetland sites assessed in the Delaware 
and Barnegat Bay estuaries, 2010-2012. Scores 
follow an inverse relationship to horizontal 
vegetation obstruction (Fig. 55). 
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measuring horizontal vegetation obstruction with a profile board at various heights above the substrate. 
This metric was found to be very important for assessing condition, perhaps the most important of all 
biological measures.  To calculate this metric, a zero is recorded whenever the view of a profile board is 
impeded by vegetation, resulting in lower mean values (from 3 heights and 4 subplots = twelve 
measurements per site) for more robust canopies.  As shown in Figure 53, vegetation canopy robustness 
(inverse of the vegetation obstruction measurement) decreased with salinity.  Therefore, this metric is 
not necessarily an indicator of habitat stress per se, since it varies according to the natural salinity 
gradient (linear regression, p<0.001, R2=47.3%, VO = 6.17 + [0.452 * Salinity]).  The high marsh zone of 
freshwater tidal marshes tends to be dominated by cattails (Typha sp.), wild rice (Zizania aquatica) and 
common reed (Phragmites australis), which are all very tall (up to 5 m). In contrast, the high tidal zone 
of salt marshes of the Mid-Atlantic tends to be dominated by short-form smooth cordgrass (Spartina 
alterniflora) and salt hay (S. patens), among other shorter species (<1 m).  This natural difference in 
dominant vegetation between freshwater and salt marshes can therefore introduce bias against salt 
marshes into comparative health assessments spanning a range of salinities (Fig. 53).  

However, this vegetation obstruction metric (HAB 2) was still found to be extremely useful for 
identifying stressed vegetation among and within watersheds so long as natural variability among marsh 
types is interpreted as an interacting factor.  To be most useful, vegetation obstruction (Fig. 54) and the 
associated HAB 2 score (Fig. 55) should simply be compared among similar types of marshes.  For 
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example, analysis of variance was used to contrast HAB 2 scores among watersheds for all sample points 
having salinities <5 ppt (n=88).  This test found that the (freshwater/brackish) tidal marshes of the PA 
Tidal and Broadkill watersheds had significantly lower (p<0.05) canopy robustness than comparable 
wetlands in the Maurice, Christina and Crosswicks watersheds.  Similarly, comparative analysis of 68 
sample points having salinities >15 ppt (salt marshes) revealed that Barnegat Bay marshes had 
significantly lower (p<0.05) canopy robustness (HAB 2 scores) than in Broadkill and Maurice watersheds, 
and the Mispillion was intermediate in canopy robustness (not significantly different from the other 3 
watersheds analyzed).  Considering both natural (salinity) and non-natural (watershed ) factors, the 
densest canopy was found in tidal wetlands of the Crosswicks watershed, and the least robust canopy 
was found in marshes of Barnegat Bay (Figs. 54, 55). 
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Figure 56: Number of plant layers (mean ±95% 
CI) among 204 coastal wetland sites assessed 
in 9 representative watersheds of the Delaware 
and Barnegat Bay estuaries, 2010-2012.  
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Figure 57: Mean (±95% CI) scores for habitat 
metric HAB3 (plant layers) among 204 coastal 
wetland sites assessed in the Delaware and 
Barnegat Bay estuaries, 2010-2012.  
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Similar to bearing capacity (HAB 1) and vegetation obstruction (HAB 2), the number of plant layers (HAB 
3) was also found to vary with both natural (salinity, marsh type) and non-natural (watershed) factors, 
and so interpretation of watershed stressors-biology relationships should be cautious and in the 
appropriate context (comparisons among similar marsh types).  The actual mean number of plant layers 
per watershed is shown in Figure 56, and the associated HAB 3 mean scores are shown in Figure 57. For 
this metric, no significant difference (ANOVA, p>0.05) was found in plant layer means among all three 
watersheds that are predominantly freshwater tidal.  However, tidal wetlands of the Broadkill 
watershed had significantly more (ANOVA, p<0.05) plant layers (mean = 2.5, n=37) than marshes of the 
Mispillion (mean = 1.9, n=34) or Barnegat Bay (mean = 2.1, n=30) watersheds, and the Maurice marshes 
were in between (mean = 2.4, n=30).  Therefore, wetland habitat conditions scored lower in Mispillion 

for plant layers (HAB 3, Fig. 57) compared to other watersheds with salt marshes, despite having 
suboptimal bearing capacity (HAB 1, Fig. 51) and canopy robustness (HAB 2, Fig. 55).  
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Figure 58: Habitat metric 4 (percent co-
dominance of invasive species; mean ±95% CI) 
among 204 coastal wetland sites assessed in 7 
representative watersheds of the Delaware and 
Barnegat Bay estuaries, 2010-2012.  
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Figure 59: Mean (±95% CI) scores for habitat 
metric HAB5 (invasive percent cover) among 
204 coastal wetland sites assessed in the 
Delaware and Barnegat Bay estuaries, 2010-
2012.  
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The two rapid assessment metrics to examine invasive species disturbance are HAB 4 (invasive co-
dominance) and HAB 5 (invasive percent cover), and mean score differences for these are shown in 
Figures 58 and 59, respectively.  Co-dominance by invasives was highly variable among sites within 
watersheds, leading to markedly greater error bars (Fig. 58).  Analysis of variance indicated marsh type 
was not a factor since the two greatest mean HAB 4 scores were for watersheds with mainly salt 
marshes (Barnegat Bay, mean = 11.6) and freshwater marshes (Crosswicks, mean = 11.4), and similarly, 
the two lowest mean HAB scores were for the Maurice (mean = 9.2; mainly salt marshes) and Christina 
(mean = 8.9; mainly freshwater marshes).  Hence, this metric was very useful in describing watershed 
differences in invasive species robustness, despite the higher variability among sites.   

 

The percent cover by invasive plant species, HAB 5, was slightly less variable within watersheds than 
HAB 4, but generally was still more variable than other main metrics (Fig. 59). The general pattern 
among watersheds was similar to HAB 4 (invasive co-dominance, Fig. 58). For both HAB 4 and HAB 5, the 
highest scoring watershed was Barnegat Bay, and the lowest scoring watershed was the Christina.  
There was no significant relationship between invasive species percent cover and salinity (linear 
regression, p>0.05 for slope), suggesting that invasive species disruptions occur across all types of tidal 
wetlands in the Mid-Atlantic region.  
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Figure 60: Shoreline alteration (S1) scores 
(mean ±95% CI) among 102 coastal wetland 
sites assessed in 7 representative watersheds 
of the Delaware and Barnegat Bay estuaries, 
2010-2012.  
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Figure 61: Shoreline erosion (S2) scores (mean 
±95% CI) among 102 coastal wetland sites 
assessed in 7 representative watersheds of the 
Delaware and Barnegat Bay estuaries, 2010-
2012. 
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4. Shoreline Attribute Data  
 
Shoreline condition comprised a new addition to the Mid-TRAM rapid assessment protocol beginning 
with Version 3 in 2010.  This attribute consists of two metrics: alterations (S1) and erosion (S2).  The 
metrics were selected from an initial pool of five candidates, all designed to examine wetland health at 
the seaward edge of tidal marshes.  Criteria were designed to objectively select whether a sample point 
could be assessed for shoreline condition because some sites were far removed from a shoreline (open 
water > 30 m wide); therefore, only about half (102) of the sites (206) were examined for this fourth 
attribute of Mid-TRAM v.3.  
 
Shoreline alterations (S1) were not commonly observed, and so all but one watershed scored well for 
this disturbance.  Alterations include piers, bulkheads, rip rap, etc, which could alter the normal physical, 
chemical or biological connections between land and sea.  The mean S1 score was significantly lower 
(ANOVA, p<0.05) for tidal wetlands of the Christina watershed (mean = 9.5, n=17) compared to wetlands 
in the six other watersheds where shoreline data were collected (means > 11.3, n varied from 6 to 23 
per watershed).  Hence, the Christina was found to be potentially stressed by shoreline alterations, but 
not appreciably elsewhere.  The actual number of sample points per watershed that had shoreline 
alterations were Crosswicks (1 of 6), Barnegat Bay (0 of 18), PA Tidal (1 of 23), Mispillion (0 of 13) and 
Broadkill (2 of 12); whereas, in the Christina we found shoreline alterations at 7 of 17 sample points. 
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Erosion is a major concern along tidal wetlands of the Mid-Atlantic due to the increasing energies 
associated with increasing storminess and sea levels.  Erosion (S2) was examined at the same 102 
sample points as for shoreline alterations.  Variability in shoreline erosion was much greater among 
watersheds than for alterations (S1), as shown in Figure 61.  The highest erosion score (i.e., lack of 
erosion, S1) was found in marshes of the Crosswicks watershed where no sites were seen to be eroding 
(mean = 12.0, n=6). The most eroding marshes (low S2 scores) were in Barnegat Bay (mean = 3.0, n=18), 
which was significantly lower scoring (ANOVA, p<0.05) than all other watersheds except Broadkill (mean 
= 5.25, n=12). Analysis of variance indicated that Crosswicks and Mispillion (mean = 10.1, n=14) erosion 
scores were significantly better (p<0.05) than all other watersheds.  

To test whether shoreline erosion was different along the salinity gradient, a least squares linear 
regression contrasted the actual mean erosion value (varies from -1 to +1) at all sample points to the 
salinity measured at those points.  Although the R2 value was low for this relationship (9.2%), the 
relationship was significant (p=0.0025) among the 97 points where we had data for both metrics.  The 
slope was negative (erosion index = -0.21 – [0.016 * Salinity).  This indicates that erosion was higher 
along salt marshes compared with freshwater tidal marshes.  This makes sense because the salt marshes 
of the Delaware and Barnegat estuaries are microtidal and adjacent to larger water bodies, which makes 
them more vulnerable to erosion.  It is also thought that they may be more sediment deficient.  Similar 
to some of the other Mid-TRAm metrics, this “natural” difference between freshwater tidal and salt 
marshes should be considered when contrasting marsh condition among watersheds, but we believe it 
is reflective of overall condition and therefore very useful for the condition assessment. 

When S1 and S2 scores were integrated to calculate an overall mean score for shoreline condition, the 
best scoring watershed was Crosswicks (mean = 97.2 out of 100 points, n=6).  The Mispillion (mean = 
84.5, n=14) also had reasonably good condition shorelines (Fig. 62).  In contrast, the watershed having 
the lowest scoring shoreline condition was Barnegat Bay (mean = 50.0, n=18).  This was not unexpected 
because that system generally regarded as a rapidly eroding, highly altered watershed.  Our assessment 
in Barnegat Bay to date has focused on the southern half of the system, and in 2014 we plan to similarly 
assess the northern half which is more highly developed; therefore, we would be surprised to see 
conditions better when we increase the sample density and dataset in Barnegat Bay. 

On balance, we believe that the new shoreline attribute was very useful for distinguishing different 
conditions that exist among watersheds.  Although some subtle differences in erosion appear to exist 
between freshwater tidal and salt marshes, we believe this is an important facet to understand since the 
overwhelming degree of erosion across all tidal wetlands is indicative of the net decline in marsh 
acreage that has been described (Kreeger et al. 2006, PDE 2012a).  Indeed, averaged among 102 sites 
assessed for shoreline condition using the metric that varies from -1 (eroding at all 5 points along site) to 
0 (stable, erosion balanced with accretion) to +1 (accretion observed at all 5 points along site), the 
overall mean score was -0.35.  If the system was in equilibrium, we would expect erosion to balance 
accretion, resulting in a net mean score of zero.  Tidal wetlands of the Delaware Estuary and Barnegat 
Bay are therefore in a net erosional state. 
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Figure 62: Shoreline condition overall scores (mean ±95% CI) among 102 coastal wetland sites 
assessed in 7 representative watersheds of the Delaware and Barnegat Bay estuaries, 2010-2012. 
Different letters above confidence intervals denote significant differences (p<0.05) assessed by 
analysis of variance and Tukey’s multiple range analysis. 
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5. Qualitative Disturbance Categories 

 
The Mid-TRAM V.3 method includes a non-quantitative, observational scoring in addition to the 
numerical scoring based on the attribute measurements at each site.  This Qualitative Disturbance 
Category (QDR) assessment is based on the best professional judgment of the trained surveyors as to 
whether each site fits within the following categories: 

• Minimal Disturbance Category (QDR 1 or 2) – the natural structure and biotic community 
maintained with only minimal alterations 

• Moderate Disturbance Category (QDR 3 or 4) – moderate changes in structure and/or the biotic 
community 

• High Disturbance Category (QDR 5 or 6) – severe changes in structure and/or the biotic 
community 

Additional details on the criteria for the QDR assessment are available in the Mid-TRAM method 
(Appendix A).   

The QDR score results averaged 2.7 (±0.3 SE, n=15) for Crosswicks, which had the lowest mean of the 7 
watersheds, meaning that is had the best condition (Fig. 63).  The Mispillion, Maurice, and Barnegat Bay 
watersheds averaged 3.2 (±0.2 SE, n=34), 3.3 (±0.2 SE, n=30), 3.3 (±0.4 SE, n=11) and 3.4 (±0.2, n=30), 
respectively, which were not significantly different from Crosswicks (ANOVA, p>0.05).  The mean QDR 
for Broadkill (3.5 ±0.2, n=37) was significantly greater than for Crosswicks.  Significantly higher mean 
QDR scores were recorded for PA Tidal (3.9 ±0.2 SE, n=30) and Christina (4.4 ±0.2 SE, n=30) watersheds, 
meaning they were judged to be in worst condition overall.  Since the lowest and highest scoring 
watersheds were both dominated by freshwater tidal marshes, the QDR methodology did not appear 
biased by wetland type.  Crosswicks marshes were in highest overall condition and Christina marshes 
were in the lowest overall condition, as judged by the surveyors.  

QDR scores and the overall attribute mean scores (buffer, hydrology and habitat only) were used to 
categorize sample sites as being either minimally, moderately or severely stressed, relative to the 
probability distribution of the sample population within each watershed (Fig. 64).  The stress severity 
approach is designed to provide a simple result for contrasting stressors and overall tidal wetland 
condition among different areas of the Delaware Estuary and Barnegat Bay.  Similar to QDR scores, 
marshes of the Christina watershed were determined to be the most severely stressed overall among 
the 6 watersheds examined (red bars in Fig. 64).  The Pennsylvania tidal marshes were also classified as 
severely stressed. In contrast, the greatest proportion of minimally stressed marshes was found in the 
Broadkill watershed, (Fig. 64).   
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Figure 63: Qualitative Disturbance Rating (mean ±95% CI) among 204 coastal wetland sites 
assessed in 7 representative watersheds of the Delaware and Barnegat Bay estuaries, 2010-
2012.  
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Figure 64: The proportion of 189 samples sites that were scored as severely stressed (red), 
moderately stressed (green), or minimally stressed (yellow) per 6 representative watersheds of the 
Delaware and Barnegat Bay estuaries, 2010-2012. The mean salinity among the sites per watershed 
is shown above (purple). Crosswicks scores are not shown because that assessment is not yet 
complete. 
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Anthropogenic versus Natural Variation 
 

As described above for individual metrics that were assessed within each attribute type, variability in a 
few of the Mid-TRAM v.3 measurements could have been associated with natural variability such as can 
exist along a salinity gradient that leads to different biotic communities, sediment supply states, etc. The 
most notable example was vegetation obstruction, a measure that assesses plant canopy robustness.  
Freshwater tidal marshes have high marsh plant communities dominated by very tall grasses (up to 5 
m), which contrasts markedly with the very short (<1 m) high marsh plants of salt marshes.  The number 
of plant layers also tended to be greater in freshwater tidal marshes.  Bearing capacity also differed 
somewhat, indicating less firm terrain in freshwater tidal marshes than in salt marshes.  Typically, tidal 
ranges are higher in the upper Delaware Estuary, and riverine inputs of sediments are greater.  
Therefore, direct comparisons of integrated condition scores from Mid-TRAM between vastly different 
tidal wetland types should be interpreted within this context, and if in doubt it is useful to dissect 
datasets into categories by marsh type (e.g., compare sample points having low versus high salinity).   
 
On the other hand, we do not advocate deleting any metrics simply because of this natural variation 
because those metrics still were found to vary within the marsh type categories, indicating varying levels 
of biotic and physical conditions and potentially associated with variation in anthropogenic stress. A 
good example is shoreline erosion, which also varied significantly along the salinity gradient but which is 
of great interest to coastal managers.  Most scientists also argue that enhanced erosion resulting from 
increasing rates of sea level rise or increasing storminess are also anthropogenic, albeit not just a local 
stressor-response relationship. 
 
The goal of this study and of Tier 2 of MACWA was/is to characterize overall tidal marsh condition, 
whether from changing natural drivers or as a result of anthropogenic stressors, including both local, 
regional or global factors.  Scientists and managers are encouraged to dissect these RAM data and draw 
out specific metrics and measures to answer different questions, rather than to rely solely on an 
integrated overall score.  Indeed, the variability in specific metrics among and within watersheds was 
generally greater and much more informative than the integrated averages of multiple metrics. 

RAM Metric Utility 
 
This report provides results from  our first multi-watershed comparative analysis, allowing us to reassess 
which metrics were most informative and to identify whether any metrics were not as useful, potentially 
able to be deleted in future versions of Mid-TRAM to save time and resources, thereby enabling more 
sample points to increase density and study robustness. Out of the 16 metrics (5 buffer, 4 hydrology, 5 
habitat, 2 shoreline), only one yielded questionable results in our opinion.  The measure of invasive 
percent cover (HAB 5) showed the same pattern as the measure for invasive co-dominance (HAB 4), and 
both exhibited considerable variability.  In many marshes, it can be difficult to quantify percent cover 
(e.g. height of Phragmites impeded canopy density measurement).  In future iterations of the Mid-TRAM 
methodology, we recommend reexamination of whether both HAB 4 and HAB 5 metrics are needed, 
since they both assess invasives. 

Preliminary Multi-Tier Linkages  
 
Results from Mid-TRAM (i.e., Tier 2 of MACWA) were contrasted with emerging data for a few example 
metrics from other levels of MACWA to preliminarily address Goal 3 in the Objectives and Approach 
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section above.  Considerably more data analysis effort will be needed to confirm whether and how the 
different levels interrelate and provide multi-level ground-truthing and information for managers.  First, 
we contrast data for a few Mid-TRAM metrics with observed patterns of wetland loss (Tier 2 contrasted 
with Tier 1).  Second, we contrast a few Mid-TRAM metrics with recent data obtained at MACWA fixed 
monitoring stations (Tier 2 contrasted with Tier 4). 
 

1. Relationship Between Rapid Assessment (Tier 2) and Lanscape (Tier 1) Data 
 
Selected data from our rapid assessment studies reported herein (RAM, Tier 2) were contrasted with 
data on coastal wetland losses during the period 1996-2006 for all watersheds except Barnegat Bay (PDE 
2012a) as a first check of whether any RAM metrics are associated with observed recent changes in 
acreage from remote sensing data (Tier 1). These analyses should be regarded as preliminary since 
wetland acreage changes are per watershed, and more sophisticated analyses of acreage changes in 
different sub-watershed areas will be performed in the future.   
 
Losses of tidal wetland acreage (1996-2006) can be expressed in absolute (acres) or relative (percentage 
change) units.  The percentage change in tidal wetlands between 1996 and 2006 was much greater in 
the more urbanized upper areas of the Delaware Estuary (7.6% in PA and DE and 8.5% in NJ in the 
freshwater tidal zone) compared with the more rural areas surrounding Delaware Bay (0.8% in DE 
Bayshore and 3.4% in NJ Bayshore) between 1996 and 2006 (PDE 2012a). However, the greatest change 
in acres of tidal wetlands occurred in downbay areas (-441 acres in DE Bayshore, -2110 acres in NJ 
Bayshore).   
 
Percentage losses of tidal wetlands as determined from remote sensing (Tier 1) were found to be 
strongly related to several RAM metrics.  For example, loss percentages were directly correlated with 
the RAM metric that assess development of the buffer area surrounding the RAM sample points (least 
squares linear regression, p<0.0001, R2= 9.5%). Similarly, wetland loss percentages were strongly 
correlated with the RAM buffer metric for obstructions that can impede marsh migration (p<0.0001, R2= 
24.5%). Wetland loss percentages were significantly greater in watersheds that scored lower for RAM 
buffer metrics B2 (p<0.0001, R2=10.6%), B3 (p<0.0001, R2=14.3%), B4 (p=0.018, R2=3.1%), and B5 
(p<0.0001, R2=21.0%), but not for B1 (p>0.05).   
 
Some habitat metrics from Mid-TRAM were also correlated with the percentage loss of tidal wetlands 
during 1996-2006.  Marshes having better HAB 1 condition (bearing capacity) were weakly correlated 
with lower percentage wetland losses (linear regression, p=0.016, R2=3.3%). A much better inverse 
relationship was found between plant canopy robustness (HAB 2) and tidal wetland percentage loss 
(p<0.0001, R2=24.8%), perhaps suggesting that more robust vegetation helps to protect against loss. 
The best hydrology metric for predicting percentage wetland loss was point sources (H4), which was 
inversely correlated (p=0.0002, R2=7.8%).  On the other hand, percentage wetland losses were not 
correlated with shoreline erosion (S 2), plant layers (HAB 3), or invasive species (HAB4, HAB 5). 
 
When relationships were examined between RAM condition data and absolute acreage losses during 
1996-2006, no significant correlations were found (linear regression, p>0.05).  However, this might be 
expected because absolute changes in acreage are strongly influenced by the widely varying sizes of 
tidal wetland acreage in different regions of the Delaware Estuary.  The Bayshore regions of DE and NJ 
have more than 20 times the tidal wetland acreage (mostly salt marshes) than the upper estuary region 
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of DE, NJ and PA (freshwater tidal marshes), and so the percentage change in acres is more indicative of 
geospatial differences in stressor-response relationships. 
 
These results are preliminary, and a more appropriate comparative analysis would contrast percentage 
wetland changes with RAM data in the actual Hydrologic Units that comprise the RAM watersheds.  
Nevertheless, this first comparison of Tier 1 and Tier 2 datasets does support to utility of rapid 
assessments for ground-truthing remote sensing data and for helping to explain changes in tidal wetland 
acres as seen from remotely sensed datasets.  They demonstrate the promise of inter-comparability of 
RAM (Tier 2) and SSIM (Tier 4) datasets, thus confirming that data from intensive monitoring stations 
are representative of larger watershed conditions and might be extrapolated more across broader 
geospatial areas.  
 

2. Relationship Between Rapid Assessment (Tier 2) and Intensive (Tier 4) Data 
 
Selected data from the first two years of site-specific intensive monitoring (SSIM, Tier 4) were 
contrasted with selected metrics from our rapid assessment studies reported herein (RAM, Tier 2) for 
watersheds where we have combined data.   These analyses are very preliminary since they only 
represent a few of the watersheds (Christina, Pennsylvania, Maurice, Barnegat) and SSIM data are only 
from the first year of monitoring.  Monitoring data from SSIM should be collected for at least a few 
years before being considered truly representative. Lastly, for this first comparison, we simply 
contrasted all RAM data for a watershed with SSIM data at a few locations within that watershed, and 
more sophisticated analyses should relate RAM data collected in the immediate vicinity of the SSIM data 
collection sites (n=3 per study watershed). 
 
Aboveground biomass was measured for SSIM stations in Christina, Pennsylvania, Maurice, and 
Barnegat Bay watersheds in July-August, 2011, and the mean values per watershed ranged from 
approximately 350 (Tinicum in PA Tidal) to 1600 (Christina) g m-2.   A linear regression contrasted these 
means with horizontal vegetation obstruction data (HAB 2) from the rapid assessments in those same 
watersheds during the 2010-2012 period.  As described above, vegetation obstruction values score 
lower with increasing plant canopy density, and these are translated into HAB 2 scores that are higher 
with increasing canopy density.  Although the correlation coefficients and R2 values were low (<0.33 and 
<20, respectively), we found that the relationship between the vegetation obstruction data was 
inversely correlated with SSIM aboveground biomass (p=0.0042), and the HAB 2 score from Mid-TRAM 
was directly correlated with aboveground biomass (p=0.0018).  Therefore, watersheds having greater 
plant canopy densities (RAM, Tier 2) also were found to have greater aboveground biomass measured as 
cut and dried vegetative material (SSIM, Tier 4).  As more data from SSIM are acquired for these and 
other watersheds where we also have RAM data, additional comparative analyses can be performed. 
 
The depth of the organic layer (RAM) was similarly contrasted with laboratory analysis of soil organic 
matter percentages (SSIM) from these same watersheds where data overlap.  This relationship was 
weakly positive (p=0.04).  But a much more striking inverse relationship (p<0.0001) was found between 
soil organic matter (SSIM) and the bearing capacity (RAM).  Higher soil organic contents were associated 
with more firm substrates (HAB 1 in Mid-TRAM, p<0.0001), which was not necessarily expected.  In the 
future, intensive monitoring data will be contrasted with additional rapid assessment metrics; for 
example: belowground biomass versus bearing capacity, and suspended sediment concentrations with 
shoreline erosion. 
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Although these results are very preliminary, they demonstrate the promise of inter-comparability of 
RAM (Tier 2) and SSIM (Tier 4) datasets, thus confirming that data from intensive monitoring stations 
are representative of larger watershed conditions and might be extrapolated more across broader 
geospatial areas.  

Stressor Landscape of the Delaware Estuary  
 
In addition to watershed summary data in plots such as Figure 64, it is helpful to examine the geospatial 
distribution of relative scores (minimally, moderately, severely stressed) for actual sample points to 
identify gradients or clusters of low or high condition scores.  For instance, overall RAM scores, adjusted 
for watershed-specific break points (as per Fig. 64 where we have 30 or more points per watershed), are 
shown in Figure 65 for the actual sample points.  In the Christina watershed, there is a cluster of severely 
stressed wetlands nearer to the mouth around Wilmington, DE.  A similar cluster was detected nearer to 
the mouth of the Maurice River.  In Barnegat Bay, there is a cluster of degraded marshes in the middle 
of studied area (northern Barnegat Bay will be assessed in 2013). These cluster areas are not associated 
with shoreline condition (which as piloted in this study), and so the low condition in these areas was not 
the result of higher erosion.  A more detailed analysis within these watersheds is needed to deduce 
specific stressor-response relationships for sub-watershed areas of interest. 
 
Buffer conditions (Fig. 65) ranked better overall in the salt marsh dominated watersheds, compared to 
the tidal freshwater wetland dominated watersheds. Pressures from development in the urban corridor 
squeeze out buffers and wetland migration potential in areas immediately landward of tidal wetlands. 
Buffers ranked lowest overall in the Christina, but display a clear pattern of being the most impaired in 
the downstream portions around urban and port areas of Wilmington, but improving farther inland. The 
pattern is the opposite in the Mispillion and Broadkill, where the buffers are best towards the 
unpopulated mouth, but run into impairments upstream where wetlands conflict with areas of human 
settlement.  
 
Habitat conditions (Fig. 66) showed no poor ranking watersheds. No clear salinity gradient is shown 
within this attribute with the tidal fresh Pennsylvania and Crosswicks as well as the salt marshes of 
Barnegat are considered in good condition.  The Pennsylvania and Crosswicks watersheds exhibited high 
plant species diversity, while the other tidal fresh watershed of Christina also had good plant diversity 
but also had high invasives.  In addition to the Christina, tidal wetlands of the Maurice, Misspillion, and 
Broadkill watersheds also scored fair for the habitat attribute.  This attribute may not cross compare as 
well as the others due to the impact of salinity on the various habitat metrics.  
 
Hydrology conditions (Fig. 67) scored highest in the PA Tidal, Crosswicks, and Maurice River watersheds. 
The tidal fresh wetlands of Christina received a fair score due to impairments from shoreline hardening 
and diking for transportation and bridge infrastructure. Again, we saw a strong trend of the most 
impaired areas intersecting with urban Wilmington, which improve as you move upstream. Hydrology 
impairments in the salt marshes of Barnegat, Mispillion, and Broadkill are largely due to mosquito 
ditching.  
 
Invasive abundance can be seen in Figure 68. The watershed with the lowest abundance of invasives in 
the wetlands was Barnegat Bay.  This could be due to the large expansive wetlands within this 
watershed.  These wetlands are also bordered typically by forested uplands with little development 
surrounding the wetland edge, where there can be higher incidence of invasive introduction.  For the 
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inverse reason, the Christina watershed scored higher for invasives (i.e. more problems with invasive 
species), perhaps associated with the large amount of development abutting against the wetland 
complexes.  The high abundance in the Broadkill could be due to the historical changes due to 
impoundments found within the watershed of salt marshes to fresh and recently converging back to salt 
due to breaches in impoundment structures, however, more study is needed to examine causes there.   
 
 

 

 

 
Figure 65: Geospatial variation in buffer conditions at 204 samples sites identified as poor (red), Fair 
(yellow), or good (green). The stress categories for buffer scores (n=30 per watershed, except for 
Crosswicks n=15) were determined based on natural break points (de Smith, 2009) in the distribution 
across all 7 watershed areas, also in shaded red, yellow or green.  
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Figure 66: Geospatial variation in habitat conditions at 204 samples sites identified as poor (red), Fair 
(yellow), or good (green). The stress categories for habitat scores (n=30 per watershed, except for 
Crosswicks n=15) were determined based on natural break points (de Smith, 2009) in the distribution 
across all 7 watershed areas, also in shaded red, yellow or green. 
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Figure 67: Geospatial variation in hydrology conditions at 204 samples sites identified as 
poor (red), Fair (yellow), or good (green). The stress categories for hydrology scores 
(n=30 per watershed, except for Crosswicks n=15) were determined based on natural 
break points (de Smith, 2009) in the distribution across all 7 watershed areas, also in 
shaded red, yellow or green. 
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Figure 68: Geospatial variation in invasive species percent cover (habitat metric HAB5) at 204 
samples sites identified as severely stressed (red), moderately stressed (yellow), or minimally 
stressed (green).  The stress categories for invasive cover scores (n=30 per watershed, except for 
Crosswicks n=15) were determined based on natural break points (de Smith, 2009) in the distribution 
across all 7 watershed areas, also in shaded red, yellow or green 

 

 

Discussion  
 
Understanding the health and extent of our tidal wetlands is becoming increasingly important to coastal 
resource managers in the Mid-Atlantic region who are concerned with water quality, fish and shellfish, 
as well as coastal community shoreline stabilization and flood protection. The Mid-Atlantic Coastal 
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Wetland Assessment (MACWA) is an ongoing multi-pronged effort designed to fill vital data gaps 
regarding the status and trends of coastal wetland acreage, health and function within the region.  In 
addition to monitoring via remote sensing (Tier 1), rapid ground-truthing (Tier 2), and intensively at fixed 
stations (Tier 4), special studies (Tier 3) are also designed to answer key applied questions regarding 
stressor-response relationships between climate/watershed change and the core wetland ecosystem 
services on which humans and natural systems depend. This report mainly describes rapid assessment 
findings within the tidal wetlands of the Delaware and Barnegat Bay estuaries (Tier 2), including data 
from other funded projects besides that which was provided by EPA to assess three watersheds for this 
project.  Hence, this is the first comprehensive study in the region to take a holistic approach to contrast 
stressor-response relationships and coastal wetland health among numerous representative sub-
watersheds that vary in wetland type (freshwater tidal, brackish, salt; urban versus rural).  This report 
also describes our first attempt to interrelate data from the various tiers of MACWA in an effort to verify 
whether Tier 2 data do in fact serve to ground-truth Tier 1 data, and whether Tier 4 data do in fact help 
to explain the underlying causes for variation in wetland health, Tier 2 outcomes.  
 
Satellite imagery indicates coastal wetlands are being lost in all areas, despite national and state laws 
designed to sustain “no net wetland loss”.  Between 1996 and 2006, 3252 acres of tidal wetlands were 
lost from the Delaware Estuary, which was >2% of total acreage (PDE 2012).  Projections of future losses 
vary from 25-75% by 2100, mainly from the consequences of sea level rise interacting with land use 
management (e.g., inability for many wetlands to migrate inland due to development).  Since coastal 
wetlands are the most productive natural habitat in the Mid-Atlantic and vital to coastal defense, the 
potential consequences of coastal wetland degradation are alarming.   
 
As shown by the detailed results in this report, rapid assessment data are extremely useful in revealing 
the underlying causes of wetland stress that vary widely among different geospatial areas and among 
estuaries.  In some areas, development and conversion of wetlands is still occurring, pointing to a failure 
of regulatory policies and laws. Ecological imbalances associated with invasive species and direct 
degradation from anthropogenic activities (e.g., fill, dikes, bulkheads, point sources, mosquito ditches) 
are also important factors, depending on location.  But by and large, tidal wetlands appear to mainly be 
impacted by the “coastal squeeze” whereby sea level rise is driving wetlands to transgress inland, but in 
many areas they are prohibited from doing so by barriers to landward migration.  To sustain their 
acreage, tidal wetlands can either move horizontally are build themselves up vertically in response to 
relative sea level rise (RSLR, considers both subsidence and local sea level rise).  Vertical accretion 
depends on both plant productivity (organic matter deposition) and sediment supply (inorganic 
deposition).  The changing hydrodynamics, tidal volume/range and salinity of our coastal estuaries 
appears to also be influencing sediment supply and dominant vegetation types.   
 
In summary, tidal wetlands of the upper Delaware Estuary appear to be better suited to keeping pace 
with sea level rise in place (vertical accretion), thanks to their high productivity and proximity to riverine 
sources of suspended sediments.  Direct anthropogenic disturbances are their greatest threat (e.g. 
perhaps half of tidal wetland acreage was lost in Pennsylvania between the 1980’s and 2000’s) due to 
direct conversion for development.  Of course, due to extensive landward development these 
freshwater tidal wetlands have virtually nowhere to go if they do slowly attempt to migrate landward, as 
shown by their lower buffer scores in this study. 
 
The situation is much different in the more microtidal salt marshes that abound in the lower Delaware 
Estuary fringing Delaware Bay, and in the Barnegat Bay estuary.  Our new shoreline metric confirmed 
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that net erosion is a major problem along the seaward margin of these wetland complexes.  Although 
buffer scores were much better than in the upper estuary, as expected due to more natural lands, there 
still exists many anthropogenic stressors due to extensive diking, tidal restrictions, mosquito control 
ditching, etc., factors which are likely leading to negative interactions with marsh migration processes.  
Remote sensing data do not typically do not capture these interactions.  For example, aerial images may 
indicate that extensive forests or agricultural lands exist landward of a migrating marsh (evidenced by 
dead forests), but a berm or tidal restriction may exist that blocks natural transgression or affects 
sediment supply from tidal exchange processes.  Rapid assessments on the ground are particularly 
useful for identifying local stressors such as these, which can guide wetland and coastal managers on 
how to make strategic investments or make decisions to maximize future wetland outcomes. 
 
The Mid-Atlantic Tidal Wetland Rapid Assessment Method (Mid-TRAM) proved especially useful for 
assessing wetland condition and identifying local stressors across the range of marsh types in the 
Delaware and Barnegat estuaries.  Although a few of the metrics yielded more informative results than 
others (see Results), the Mid-TRAM Version 3 appeared equally useful for assessing freshwater tidal 
wetlands in an urban landscape and salt marshes in remote areas.  In future versions of Mid-TRAM, we 
recommend that the results of this study be used to reassess whether any metrics can be deleted to 
save time and costs (e.g.. possible cut habitat metrics for invasive species from two to one).  Considering 
the urgency associated with increasing storm frequency and intensity (e.g., Hurricanes Irene and Sandy) 
and rising sea level and salinity, we also recommend that the new shoreline attribute of Mid-TRAM be 
strengthened/diversified to describe additional conditions besides just alterations and erosion (e.g., 
open water expansion via mosquito ditching and ponding/drowning). 
 
Major findings of the study to date include; 
 

• Tidal wetlands of the Delaware and Barnegat estuaries are predominantly stressed, although the 
types of stress and the nature of stressor-response relationships varies widely across the sample 
frame 
 

• A few Habitat metrics in Mid-TRAM appeared to reflect natural factors rather than 
anthropogenic factors, but on balance they generally canceled each other out.  For example, 
vegetation layers (a measure of canopy robustness = healthy condition) are naturally higher in 
freshwater tidal wetlands than in salt marshes, but the bearing capacity (index for softness of 
substrate = lower condition) was also higher in freshwater tidal marshes. One way to alleviate 
any natural factors is to perform analytical tests on subsets of sites that have similar salinities 
since salinity was the major governing factor for wetland type.  Mid-TRAM measures salinity. 
 

• The new Shoreline Attribute is a important supplement to the Mid-TRAM protocol (added for 
Version 3.0) to characterize erosion and alterations 
 

• The Mid-TRAM can be used across the salinity gradient, states and estuaries; this is important to 
get a regional Mid-Atlantic view of what stressors are affecting the larger region 
 

• The Mid-TRAM can successfully capture highly urbanized areas as well as highly rural wetlands 
 

• It is important to work with the Federal agencies as well as state partners to have the most up-
to-date National Wetlands Inventory; by having the most recent data you can more accurately 
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determine where wetlands exist to be assessed with Mid-TRAM.  As tidal wetlands attempt to 
migrate faster, updating of layers will be increasingly important for the probabilistic random  
Mid-TRAM  
 

• Analyzing specific metrics at the watershed level can help managers hone in on stressors specific 
to a local area 
 

• Analysis of specific metrics among watersheds can help scientists and managers understand 
stressor-response gradients as well as natural differences among different areas or marsh types 
 

• Mid-TRAM metrics (n=15) can be distilled down to a simple report card (red, yellow, green) 
visualization for better understanding of the public and upper level management  
 

• Data from Mid-TRAM correlate reasonably well with complementary data from site-specific 
intensive monitoring at sites, as evidenced by preliminary comparative analyses here for areas 
where they co-occurred; hence, results from rapid assessments (Tier 2) might be used to 
extrapolate findings from intensive monitoring (Tier 4) as envisioned in the multi-level MACWA 
program 
 

• Data from Mid-TRAM (Tier 2) correlated well with landscape census datasets and acreage trends 
(Tier 1), as evidenced by preliminary comparative analyses that showed higher erosion 
conditions in areas that are experiencing greater acreage losses (e.g. salt marshes).  
 

• The Mid-TRAM protocol 
(currently Version 3) may need 
to be updated at least every few 
years to meet changing societal 
and management needs (see 
below) 

 
Additional analyses can be performed 
within specific watersheds of interest by 
further analysis of individual measures or 
by studying geospatial patterns where 
tidal wetland condition might vary in 
association with specific stressors, 
identified from datasets of other studies.  
For example, the map of individual 
marsh condition scores for sample points 
in the Christina watershed (Fig. 69) 
shows reduced wetland condition in the 
downstream areas where the urban core 
of Wilmington, DE, with altered 
hydrological exchange due to road and 
bridge infrastructure. In the Mispillion 
(Fig. 70) we see a completely different 

 

Figure 69. The 30 sample points in the Christina 
watershed, shown with overall wetland condition scores. 
Stressed wetlands appear red while minimally stressed 
are shown as green. Urban infrastructure appeared 
associated with major impairments. 
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set of stressors from man-made ditches 
ponds for mosquito control. 
 
The metrics that were assessed within 
the four Mid-TRAM attributes should be 
continually re-evaluated in future 
studies, and the Mid-TRAM should be 
adaptively updated to reflect 
contemporary knowledge and 
management priorities.  By reporting 
RAM data for all metrics instead of just 
summary scores, comparisons among 
studies using different versions of Mid-
TRAM can be made.  Examples of 
potential emerging priorities and 
questions include: 
 

• How does Open Water Marsh 
Management (OMWM), a new 
tactic for aggressive mosquito 
control, affect coastal wetland 
health or ability to keep pace 
with sea level rise?  Should the 
Mid-TRAM be adapted to 
account for stressor-response 
relationships associated with OMWM, based on outcomes of current intensive studies? 
 

• How does sediment management affect the ability of tidal marshes to keep pace with sea level 
rise?  In the Delaware Estuary, more sediment is removed from the system each year and placed 
into confined disposal facilities than what enters the system via rivers, and so is the sediment 
budget partly now subsidized by net marsh erosion rather than watershed inputs? Should a 
metric be added to Mid-TRAM that examines sediment conditions? 
 

• How do nutrient loadings affect coastal wetland health, and are there any (quick) diagnostic 
indicators of nutrient-associated stress that could be incorporated into Mid-TRAM?  The 
Delaware and Barnegat estuaries have some of the highest nitrogen loadings in the nation, and 
recent studies have pointed to several possible negative effects of nutrients on tidal wetland 
health and function (e.g. less belowground production that may impede organic matter 
accumulation and ability to keep pace with sea level rise).  

 
In addition to helping to understand the geospatial causes for tidal marsh declines and prioritizing 
actions by resource managers charged with sustaining or regulating wetlands, we believe our results can 
be used to guide restoration and climate adaption activities.  For example, emerging practices aimed at 
preserving or enhancing coastal wetlands include living shorelines (Whalen et al. 2011, 2012, DERSMW 
2013) and beneficial use of dredge material (DERSMW 2013).  Data from Mid-TRAM can indicate areas 
where sediment application is needed or where marsh edges are eroding.  Again, it is important that all 
detailed datasets from rapid assessment studies be made available with appropriate metadata on 

 

Figure 70. The 30 sample points of the Mispillion 
watershed, shown with overall wetland condition scores. 
Ditching and ponding for mosquito control appeared to be 
responsible for the major impairments in this southern 
Delaware watershed. 



 

55 Monitoring and Assessment of Representative Tidal Wetlands of the Delaware Estuary 
PDE Report 13-03 

 

 

 
 
Figure 71: Completed and pending future rapid 
assessments within representative watersheds of the 
Delaware Estuary, 2009-2015. Data collection for some 
Delaware watersheds are being collected or led by 
DNREC. 

methodologies used so that coastal managers, scientists and restoration practitioners can tease out 
specific metrics and GIS layers to answer the diverse array of questions that arise. 

Next Steps 
 
The goal of MACWA is to sustain an ongoing coastal wetland monitoring and assessment program that 
can provide vital information to coastal managers and guide restoration and climate adaptation to 
sustain the greatest possible wetland-delivered ecosystem goods and services in the region.  A core 
component of this multi-level program is the rapid assessments that comprise Tier 2, to both ground-
truth remote sensing data (Tier 1) and allow extrapolation and context for intensive studies (Tier 3) and 
ongoing monitoring at fixed locations (Tier 
4).  Another aim is to train and partner 
with other entities, especially state 
wetland personnel, to fill gaps in MACWA, 
help with adaptive management of the 
program, and ensure the efforts address 
key emerging and ongoing priorities of 
managers. 
 
To date, we and our partners at DNREC 
and BBP have assessed more than 200 
sample points in the Delaware and 
Barnegat estuaries with the Mid-TRAM v.3 
protocol during 2009-2012 (Fig. 71).  We 
have also begun to train other interested 
entities from the Mid-Atlantic region on 
how to apply the Mid-TRAM in hopes that 
additional intercomparable data can be 
obtained to strengthen MACWA.  In 2013 
we plan to assess 30 more points in the 
northern section of Barnegat Bay, as well 
as another 15 points in the Crosswicks.   
 
In the future, we have prioritized 
additional watersheds in the Delaware 
Estuary for 2014 and 2015 where interest 
of coastal managers is high (especially in 
the State of Delaware where a state-wide 
coverage for RAM is sought).  Contingent 
on funding, another high priority area for 
assessment will be additional areas if the 
New Jersey Bayshore where the greatest 
acreage losses of coastal wetlands have 
been seen and where future projected 
losses are also greatest.  In many of these 
unassessed areas, shoreline erosions rates 
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of greater than 1 m per year are the norm. 
 
In addition to the collection of more field data using the Mid-TRAM, we also aim to complete more 
intensive data analyses on geospatial variation in specific RAM metrics within and among watersheds, as 
well as full multi-level comparative studies of RAM-SSIM datasets.  On the heels of a series of very 
strong and damaging storms (Hurricane Irene, Tropical Storm Lee, Hurricane Sandy), interest is also very 
high on how best to apply data from MACWA to gauge and strategically boost shoreline protection and 
resilience properties of coastal wetlands.  New research ideas are being put forth to develop geospatial 
guidance maps for managers on where and how best to direct limited funds to sustain and grow coastal 
wetlands (or simply stem loss rates) in important areas for coastal managers.  For these efforts, rapid 
assessment protocols, including some new metrics, will be critical. 
 
Over the long-term, if MACWA can be sustained we hope to perform repeated RAM assessments in 
selected watershed regions (perhaps every 10 years) to supply better data on the changing condition of 
coastal wetlands, thus furnishing much improved data for State of the Estuary type indicator reports and 
helping to adaptively manage these critical coastal ecosystems. 
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Appendix A – Collected Data Metrics Descriptions 
 

Field Description Domains 

CODE PDE code for database use  

FID assessment site number based on EPA point drops in each watershed 000-999 
Names creative name for site n/a 
QDR qualitative disturbance rating based on best professional judgement. 1=least 

disturbed,6=highest disturbed 
1,2,3,4,5,6 

DATE date of assessment DD/MM/YYYY 
TIME   time of assessment  
WS watershed  
LADMS latitude in degrees minutes seconds n/a 
LODMS longitude in degrees minutes seconds n/a 
LADEC latitude in decimal degrees n/a 
LODEC longitude in decimal degrees n/a 
SHAPE shape of assessment area circle,rectangle 
MOVED yes or no to indicate if the center of the assessment area was moved from its 

original location 
yes,no 

COMMENTS reason for moving assessment area n/a 
CLASS description of the wetland shape and location marine tidal fringe,back barrier estuarine tidal 

fringe,fringing estuarine tidal fringe,expansive estuarine 
tidal fringe,Fresh Tidal scrub shrub,Fresh Tidal 
emergent,Fresh Tidal forested 

TYPE natural = wetland that is un-manipulated, re-establishment = the manipulation 
of the physical, chemical, or biological characteristics of a site with the goal of 
returning natural/historic functions to a former wetland, establishment = the 
manipulation of the physical, chemical or biological characteristics present to 
develop a wetland that did not previously exist on an upland or deepwater site, 
rehabilitation = the manipulation of the physical, chemical or biological 

natural,re-
establishment,establishment,rehabilitation,enhancement 
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characteristics of a site with the goal of repairing natural/historic fynctions of a 
degraded wetland, enhancement = the manipulation of the physical, chemical, 
biological characteristics of a wetland (undisturbed or degraded) site to 
heighten , intensify, or improve specific function(s) or for a purpose such as 
water quality improvement, flood water retention or wildlife habitat 

TIDE tidal stage that best represents the assessment area during the site visit. 
Estimate tidal stage based on wrack lines and water marks. high= 5, mid-high= 
4, mean= 3, mid-low= 2, and low= 1 

1,2,3,4,5 

PHOTOS clockwise (cardinal direction) photos of site, towards open water first. 
Prominent stressors also photographed. 

n/a 

DIST_UP estimate the distance (in meters) from the edge of the assessment area to the 
closest major upland body (not an island) 

0-2094 

DIST_WA estimate the distance (in meters) from the edge of the assessment area to the 
closest source of open water (>30m wide) 

0-2660 

STABILITY estimate the current physical stability of the wetland within the assessment 
area based on descriptions. Healthy & stable = wetland surface is mostly 
covered by vegetation mats, vegetation is healthy(green and robust), Beginning 
to deteriortate and/or some fragmentation = wetland surface is moderately 
covered by vegetation root mats with moderate amounts (~25%) unvegetated 
unconsolidated muck or open water. Vegetation is showing some signs of 
stress as indivated by yellowing tips of the vegetation or stunted plants. 

healthy & stable,beginning to deteriorate and/or some 
fragmentation,severe deterioration and/or severe 
fragmentation, Severe deterioration and/or substantial 
fragmentation,beginning to deteriorate and some 
fragmentation 

ORG_LYR Extract a soil sample from the center point area at least 18cm deep. Examine 
the core and determine the depth of the organic layer using the folding tape 
measurer. Note if organic layer appears to be shallow (<16cm deep) or deep 
(>16cm deep) 

n/a 

COMM organic layer comments n/a 
SAL ppt, salinity of water in parts per thousand on the wetland surface using a 

refractometer 
0-35 

5M_BUF %, percent of assessment area perimeter with 5 meter buffer 0-100 
BUF_1 m, transect line to measure buffer is drawn from the assessment area 

perimeter outward to the nearest non-buffer land cover or 250m whichever is 
encountered first. A transect length <5m does not meet the buffer definition. 

5-250 

BUF_2 m, transect line to measure buffer is drawn from the assessment area 
perimeter outward to the nearest non-buffer land cover or 250m whichever is 
encountered first. A transect length <5m does not meet the buffer definition. 

5-250 

BUF_3 m, transect line to measure buffer is drawn from the assessment area 
perimeter outward to the nearest non-buffer land cover or 250m whichever is 

5-250 
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encountered first. A transect length <5m does not meet the buffer definition. 
BUF_4 m, transect line to measure buffer is drawn from the assessment area 

perimeter outward to the nearest non-buffer land cover or 250m whichever is 
encountered first. A transect length <5m does not meet the buffer definition. 

5-250 

BUF_5 m, transect line to measure buffer is drawn from the assessment area 
perimeter outward to the nearest non-buffer land cover or 250m whichever is 
encountered first. A transect length <5m does not meet the buffer definition. 

5-250 

BUF_6 m, transect line to measure buffer is drawn from the assessment area 
perimeter outward to the nearest non-buffer land cover or 250m whichever is 
encountered first. A transect length <5m does not meet the buffer definition. 

5-250 

BUF_7 m, transect line to measure buffer is drawn from the assessment area 
perimeter outward to the nearest non-buffer land cover or 250m whichever is 
encountered first. A transect length <5m does not meet the buffer definition. 

5-250 

BUF_8 m, transect line to measure buffer is drawn from the assessment area 
perimeter outward to the nearest non-buffer land cover or 250m whichever is 
encountered first. A transect length <5m does not meet the buffer definition. 

5-250 

AVG_BUF m, average of the 8 buffer width transects(from the assessment area outwards 
up to 250m) 

5-250 

DEVELOP %, surrounding development between edge of assessment area and 250 meter 
buffer. 

0-100 

OBSTRUC %, percent of assessment area perimeter obstructed  to landward migration 0-100 
SL_EROS average of 5 transect's measurements of shoreline erosion 1,0,-1 
SL_ALTER average of 5 transect's measurements of shoreline alteration 1,0,-1 
BEARING average of 8 subplot bearing capacities (final-initial) 0 - >6.2 
V_OBSTR the average of 4 subplot totals of visual obstruction at 3 heights. 0 - 30 
FLOAT list of floating or aquatic plant species n/a 
SHORT list of short plant species <0.3 meters in height n/a 
MEDIUM list of medium plant species 0.3 - 0.75 meters in height n/a 
TALL list of tall plant species 0.75 - 1.5 meters in height n/a 
V_TALL list of very tall plant species >1.5 meters in height n/a 
LAYERS number of plant layers 0,1,2,3,4,5 
NAT_CO total number of native co-dominant species for all layers combined 0,1,>1 
INV_CO total number of invasive co-dominant species for all layers combined 0,1,>1 
%INV_CO %, percent of invasive co-dominant species for all layers combined 0 - 100 
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INCOVER %, percent of invasive cover in assessment area 0 - 100 
B1 percent of assessment area perimeter with 5 meter buffer. 12 = 100% 

perimeter buffered, 9 = 75-99% perimeter buffered, 6 = 50-74% perimeter 
buffered, 3 = less than 50% perimeter buffered 

12,9,6,3 

B2 average of 8 buffer width transects(from the assessment area outwards up to 
250m) 12 = Average buffer width of 190-250 meters, 9 = average buffer width 
of 130-189 meters, 6 = average buffer width of 65-129 meters, 3 = average 
buffer width of 0-64 meters 

12,9,6,3 

B3 surrounding development between edge of assessment area and 250 meter 
buffer. 12 = 0% developed, 9 = 0-5% developed, 6 = 5-15% developed, 3 = more 
than 15% developed 

12,9,6,3 

B4 250m landscape condition 12 = assessment area's surrounding landscape is 
comprised of only native vegetation has undisturbed soils and there is no 
evidence of human disturbance, 9 = assessment area's surrounding landscape 
is dominated by native vegetation has undisturbed soils and there is little or no 
evidence of human visitation, 6 = assessment area's surrounding landscape is 
characterized by an intermediate mix of native and non-native vegetation 
and/or a moderate degree of soil disturbance/compaction and/or there is 
evidence of moderate human visitation, 3 = assessment area's surrounding 
landscape is characterized by barren ground and/or dominated by invasive 
species and/or highly compacted or otherwise disturbed soils and/or there is 
evidence of intensive human visitation 

12,9,6,3 

B5 barriers to landward migration. 12 = absent: no barriers 0%, 9 = low: <10% of 
perimeter obstructed, 6 = moderate: 10-25% of perimeter obstructed, 3 = high: 
26-100% of perimeter obstructed 

12,9,6,3 

B_SCORE calculated buffer/landscape score 0-100 
H1 the quantity of ditches within the assessment area. 12 = no ditching, 9 = low 

ditching, 6 = moderate ditching, 3 = severe ditching 
12,9,6,3 

H2 measure of the presence and extent of fill within the assessment area and the 
amount of fragmentation of the wetland due to anthropogenic alterations(e.g. 
roads berms walkways docks). 12 = no fill or fragmentation, 9 = low fill or 
fragmentation, 6 = moderate fill or fragmentation, 3 = severe fill or 
fragmentation. 

12,9,6,3 

H3 presence of wetland diking and/or other tifdal restrictions that interfere with 
the natural hydrology of the wetland. 12 = absent: no restriction free flow 
normal range, 9 = low: restriction presumed (<10% alteration of normal range), 
6 = moderate restriction(10-25% alteration of normal range), 3 = high (26-100% 

12,9,6,3 
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alteration of normal range). 
H4 presence of localized sources of pollution that are entering the wetland 

through a confined pathway(e.g. pipe culvert or ditch). 12 = absent: no 
discharge, 9 = low 1 small discharge from a natural area, 6 = moderate: 1 
discharge from a developed area or 2 discharges from a natural area, 3 = high: 
2 or more discharges from developed area or 3 or more from a a natural area. 

12,9,6,3 

H_SCORE calculated hydrology score 0-100 
HAB1 average of 8 subplot bearing capacities (final-initial). 12 = less than 1.8, 9 = 1.9-

4.0, 6 = 4.1-6.2, 3 = greater than 6.2 
12,9,6,3 

HAB2 average of 4 subplot totals. measure of amount of visual obstruction through 
the subplot area due to vegetation at 3 levels in each subplot using a profile 
board. 12 = less than 7, 9 = less than 12 but greater or equal to 7, 6 = less than 
22 but greater or equal to 12, 3 = greater or equal to 22 

12,9,6,3 

HAB3 number of plant layers of varying heights in the assessment area. Any layer 
with at least 1 live species counts. 12 = 4-5 layers, 9 = 2-3 layers, 6 = 1 layer, 3 = 
0 layers 

12,9,6,3 

HAB4 percent of co-dominant species in the assessment area that are non-native. To 
be considered a co-dominant species it must represent >10% relative cover 
within that layer. 12 = 0-15%, 9 = 16-30%, 6 = 31-45%, 3 = 46-100% 

12,9,6,3 

HAB5 percent cover of invasive species in the assessment area. 12 = 0%, 9 = greater 
than 0-25%, 6 = 26-50%, 3 = greater than 50% 

12,9,6,3 

HAB_SCO calculated habitat score 0-100 
FINAL final calculated score of the assessment area and buffer 0-100 

  

Appendix B – Rapid Assessment Raw Data – Buffer 
WS FID 5M_BUF BUF_1 BUF_2 BUF_3 BUF_4 BUF_5 BUF_6 BUF_7 BUF_8 AVG_BUF 
Crosswicks 0 100 249.98 196.21 235.54 249.15 249.05 250.63 205.96 250.4 235.8578 
Crosswicks 1 100 12.561 75.417 53.042 60.7241 250.24 97.39 0 0 68.67191 
Crosswicks 2 100 159.34 251.71 249.11 28.2463 11.911 54.202 137.79 208.7 137.6216 
Crosswicks 3 100 20.099 81.779 249.43 249.043 250.63 249.46 23.785 0 140.5281 
Crosswicks 4 100 251.02 253.73 250.52 249.295 249 187.54 142.81 249.5 229.1756 
Crosswicks 5 100 249.98 249.66 91.754 110.924 144.21 249.08 190.48 250.3 192.0509 
Crosswicks 6 100 251.59 249.08 249.23 0 0 0 0 0 93.73713 
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Crosswicks 7 100 80.661 249.25 249.44 249.981 249.2 250.63 47.869 20.11 174.6414 
Crosswicks 8 0 249.98 249.32 250.52 20.9479 12.575 160.44 0 0 117.9714 
Crosswicks 9 76 119.61 87.564 208.93 28.9802 0 0 0 0 55.63496 
Crosswicks 12 85 249.98 221.12 249.43 249.249 155.39 54.389 0 0 147.4448 
Crosswicks 13 100 204.88 249.22 249.14 0 0 0 0 0 87.90425 
Crosswicks 16 100 249.27 250.11 249.04 249.981 250.24 74.962 63.83 176.5 195.4961 
Crosswicks 18 100 249.2 88.843 249.03 249.174 249.37 250.12 0 0 166.9671 
Crosswicks 20 100 188.99 249.31 250.52 249.388 249.13 250.63 249.24 249 242.029 
Barnegat Bay 
South 

1 100 32 156 181 249 45 55 38 63 102.375 

Barnegat Bay 
South 

2 100 249 249 205 250 249 249 86 124 207.625 

Barnegat Bay 
South 

3 15 0 0 249 250 249 251 249 0 156 

Barnegat Bay 
South 

4 100 227 249 251 250 249 251 250 249 247 

Barnegat Bay 
South 

5 100 96 38 25 98 183 250 97 0 98.375 

Barnegat Bay 
South 

6 100 249 249 249 249 249 249 250 250 249.25 

Barnegat Bay 
South 

8 100 70 250 205 250 249 249 250 12 191.875 

Barnegat Bay 
South 

9 100 250 250 249 249 249 249 249 249 249.25 

Barnegat Bay 
South 

10 100 250 249 249 251 241 184 250 250 240.5 

Barnegat Bay 
South 

11 100 20 38 251 137 223 249 112 0 128.75 

Barnegat Bay 
South 

12 100 250 250 184 249 111 249 250 250 224.125 

Barnegat Bay 
South 

13 100 249 249 249 250 249 250 249 249 249.25 

Barnegat Bay 
South 

14 100 250 250 253 249 249 49 249 250 224.875 

Barnegat Bay 
South 

15 100 196 115 124 137 249 249 91 130 161.375 

Barnegat Bay 
South 

16 100 91 250 113 249 249 0 0 0 119 

Barnegat Bay 
South 

17 100 10 37 78 63 249 250 82 0 96.125 
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Barnegat Bay 
South 

18 100 249 250 250 250 249 250 250 250 249.75 

Barnegat Bay 
South 

19 100 250 250 250 251 249 159 250 249 238.5 

Barnegat Bay 
South 

22 100 249 179 249 249 249 251 250 250 240.75 

Barnegat Bay 
South 

24 100 52 117 176 36 12 0 0 0 49.125 

Barnegat Bay 
South 

25 100 249 250 249 192 140 180 249 249 219.75 

Barnegat Bay 
South 

26 100 250 250 249 249 249 249 250 249 249.375 

Barnegat Bay 
South 

28 100 249 249 200 249 249 110 148 168 202.75 

Barnegat Bay 
South 

29 100 184 176 70 81 250 251 249 249 188.75 

Barnegat Bay 
South 

30 100 31 80 249 249 249 249 249 79 179.375 

Barnegat Bay 
South 

31 100 250 73 52 79 226 180 252 246 169.75 

Barnegat Bay 
South 

32 100 37 72 249 250 249 250 0 0 138.375 

Barnegat Bay 
South 

33 100 249 250 249 250 134 88 22 26 158.5 

Barnegat Bay 
South 

34 100 152 232 119 139 231 249 249 250 202.625 

Barnegat Bay 
South 

36 100 227 206 249 249 249 251 249 250 241.25 

Maurice 23 40 67 21 250 250 250 250 127 0 151.875 
Maurice 34 100 5 30 5 32 250 250 250 150 121.5 
Maurice 8 100 250 250 13 6 9 250 250 250 159.75 
Maurice 18 100 26 99 250 250 250 250 61 25 151.375 
Maurice 12 100 250 250 250 43 22 25 250 250 167.5 
Maurice 31 100 25 64 113 250 250 250 111 3 133.25 
Maurice 10 100 250 250 171 250 250 250 250 250 240.125 
Maurice 4 100 250 250 250 49 82 250 250 250 203.875 
Maurice 26 100 250 153 223 123 250 250 250 250 218.625 
Maurice 0 100 250 250 250 213 250 250 250 250 245.375 
Maurice 20 100 159 241 250 250 204 250 223 99 209.5 
Maurice 1 100 36 137 250 250 81 107 71 23 119.375 
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Maurice 22 100 250 233 12 0 77 128 74 140 114.25 
Maurice 17 100 186 181 250 250 250 197 250 250 226.75 
Maurice 36 100 250 250 51 22 192 250 161 152 166 
Maurice 33 100 204 226 237 67 36 68 116 139 136.625 
Maurice 7 100 250 217 250 250 250 250 250 250 245.875 
Maurice 5 100 250 250 250 250 250 15 1 22 161 
Maurice 13 100 93 33 84 250 250 118 250 250 166 
Maurice 24 100 3 29 152 250 250 243 227 39 149.125 
Maurice 6 100 0 250 250 250 250 250 250 34 191.75 
Maurice 35 100 121 250 250 65 250 250 117 69 171.5 
Maurice 2 100 69 250 250 250 250 250 250 250 227.375 
Maurice 3 100 22 250 163 136 250 250 59 14 143 
Maurice 28 100 250 250 250 250 250 250 250 250 250 
Maurice 27 100 229 94 250 106 250 214 115 93 168.875 
Maurice 11 100 250 250 250 250 81 76 49 226 179 
Maurice 19 100 160 152 250 13 22 201 250 250 162.25 
Maurice 14 100 177 95 130 250 207 24 11 22 114.5 
Maurice 16 100 250 250 118 156 250 250 250 250 221.75 
Christina 25 100 190 17 16 9 10 61 32 59 49.25 
Christina 10 100 62 129 300 300 300 277 182 75 160.75 
Christina 30 100 111 271 175 129 202 300 300 300 223.5 
Christina 5 100 250 250 216 239 143 148 250 250 218.25 
Christina 8 100 250 250 250 250 250 250 250 250 250 
Christina 19 80 162 58 58 156 300 300 300 300 204.25 
Christina 22 100 55 201 300 300 300 300 39 89 198 
Christina 3 100 134 130 95 250 250 250 53 45 150.875 
Christina 23 100 120 250 250 250 250 242 32 46 180 
Christina 11 100 250 250 83 21 28 170 200 250 156.5 
Christina 27 100 190 250 250 193 90 0 6 193 146.5 
Christina 36 100 120 78 35 70 219 250 250 117 142.375 
Christina 15 80 30 46 121 250 250 250 111 85 142.875 
Christina 16 100 41 59 83 55 46 84 196 192 94.5 
Christina 20 100 250 121 16 0 3 250 250 250 142.5 
Christina 29 100 4 66 228 102 53 61 14 14 67.75 
Christina 24 100 250 250 250 250 250 250 250 250 250 
Christina 33 100 203 250 250 250 250 250 135 93 210.125 
Christina 37 100 63 41 88 147 21 97 71 106 67 
Christina 32 85 300 240 300 67 14 49 54 36 132.5 
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Christina 7 100 127 251 212 176 300 300 266 175 225.875 
Christina 2 100 300 300 300 61 83 263 253 300 232.5 
Christina 38 100 300 300 300 213 300 200 199 300 264 
Christina 9 100 300 300 300 171 300 206 146 300 252.875 
Christina 12 100 79 97 247 300 300 166 129 139 182.125 
Christina 1 100 300 300 300 300 300 249 168 229 268.25 
Christina 0 100 180 300 202 242 198 130 127 144 190.375 
Christina 4 100 300 300 155 110 104 300 292 300 232.625 
Christina 18 100 143 98 263 300 300 230 243 219 224.5 
Christina 39 75 61 300 110 59 176 159 54 43 120.25 
PA Tidal Fresh 12 100                 119 
PA Tidal Fresh 28 80                 95.7 
PA Tidal Fresh 32 100                 174 
PA Tidal Fresh 31 100                 108 
PA Tidal Fresh 1 100                 250 
PA Tidal Fresh 13 100                 135 
PA Tidal Fresh 26 100                 220.875 
PA Tidal Fresh 9 100                 125 
PA Tidal Fresh 20 100                 129 
PA Tidal Fresh 38 100                 126 
PA Tidal Fresh 22 100                 165 
PA Tidal Fresh 24 100                 136.6 
PA Tidal Fresh 39 100                 108 
PA Tidal Fresh 5 100                 136 
PA Tidal Fresh 51 100                 187 
PA Tidal Fresh 35 100                 238 
PA Tidal Fresh 47 75                 145.5 
PA Tidal Fresh 55 95                 147 
PA Tidal Fresh 43 100                 242 
PA Tidal Fresh 48 100                 133 
PA Tidal Fresh 58 100                 151.88 
PA Tidal Fresh 18 100                 189 
PA Tidal Fresh 42 100                 83.25 
PA Tidal Fresh 11 100                 23.4 
PA Tidal Fresh 37 100                 25.5 
PA Tidal Fresh 54 100                 127.5 
PA Tidal Fresh 59 100                 168 
PA Tidal Fresh 21 100                 23.125 
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PA Tidal Fresh 14 100                 24 
PA Tidal Fresh 36 100                 55.88 
Broadkill 1 100 250 250 250 250 250 250 248 250 250 
Broadkill 2 95 24 74 134 0 0 0 0 0 77 
Broadkill 3 100 250 250 250 130 100 98 150 250 185 
Broadkill 4 100 250 250 250 250 250 56 105 250 208 
Broadkill 5 100 250 250 250 250 250 250 250 250 250 
Broadkill 7 100 198 250 250 250 250 250 250 250 244 
Broadkill 8 100 17 18 33 131 222 250 123 41 104 
Broadkill 9 100 113 117 188 250 250 250 250 250 208 
Broadkill 11 100 250 250 250 250 250 250 250 250 250 
Broadkill 12 100 94 250 250 250 250 250 250 250 230 
Broadkill 13 100 250 250 250 250 250 250 250 250 250 
Broadkill 14 100 250 250 250 250 43 34 65 99 155 
Broadkill 15 100 161 29 52 120 212 250 142 186 144 
Broadkill 16 100 250 97 100 96 66 20 75 250 119 
Broadkill 17 100 135 89 167 250 250 120 250 247 189 
Broadkill 18 100 250 250 250 250 250 250 250 250 250 
Broadkill 19 100 159 77 250 204 227 250 250 195 202 
Broadkill 20 95 250 250 250 250 94 13 2 90 150 
Broadkill 21 100 18 2 2 0 250 48 17 250 73 
Broadkill 22 100 105 191 250 250 250 250 151 164 201 
Broadkill 24 100 250 250 250 250 250 250 250 250 250 
Broadkill 25 100 250 250 250 183 201 12 1 44 148 
Broadkill 26 100 156 105 250 250 250 250 250 250 220 
Broadkill 27 100 250 250 250 250 250 250 250 250 250 
Broadkill 28 100 250 250 250 250 250 250 45 200 218 
Broadkill 29 100 250 250 250 250 250 250 250 250 250 
Broadkill 30 100 153 159 148 250 250 250 250 250 214 
Broadkill 31 100 250 250 250 250 250 60 41 77 179 
Broadkill 32 100 250 250 250 250 250 250 250 250 250 
Broadkill 33 80 2 5 250 250 250 75 20 0 107 
Broadkill 34 100 250 250 250 67 250 110 68 172 177 
Broadkill 35 100 250 215 78 62 250 250 250 250 200 
Broadkill 36 100 250 250 250 250 250 250 250 250 250 
Broadkill 37 100 0 1 0 0 166 188 250 35 80 
Broadkill 38 100 250 250 250 250 171 250 250 196 233 
Mispillion 101 100 250 250 0 24 250 250 250 250 191 
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Mispillion 102 100 247 250 10 6 146 238 250 203 169 
Mispillion 103 100 250 250 250 250 159 250 58 236 213 
Mispillion 104 100 250 250 250 250 250 250 250 250 250 
Mispillion 105 100 250 250 250 250 250 250 250 250 250 
Mispillion 106 100 147 207 250 250 250 121 250 250 216 
Mispillion 107 100 182 69 75 191 250 250 250 250 190 
Mispillion 108 100 250 250 221 250 250 250 250 250 246 
Mispillion 110 100 60 116 250 236 250 250 250 174 198 
Mispillion 111 100 250 250 250 250 250 147 73 169 205 
Mispillion 112 100 250 250 250 250 250 250 250 250 250 
Mispillion 113 100 250 250 250 250 250 250 250 250 250 
Mispillion 114 100 140 250 250 250 250 250 250 250 236 
Mispillion 115 100 106 140 250 250 250 250 250 250 218 
Mispillion 117 100 250 250 250 250 250 250 250 250 250 
Mispillion 118 100 250 250 250 250 250 250 250 250 250 
Mispillion 119 100 180 64 250 50 42 250 250 250 167 
Mispillion 120 100 250 250 250 250 250 250 250 250 250 
Mispillion 121 100 117 200 250 177 250 250 250 144 205 
Mispillion 122 100 250 250 148 175 196 250 250 250 221 
Mispillion 123 100 250 250 250 250 49 20 61 250 173 
Mispillion 124 100 250 250 250 250 250 250 250 250 250 
Mispillion 126 100 250 250 250 250 250 250 250 250 250 
Mispillion 127 100 177 202 250 250 250 191 250 250 228 
Mispillion 128 100 250 250 250 250 250 250 250 250 250 
Mispillion 129 100 87 38 23 50 250 250 250 250 150 
Mispillion 130 100 104 250 250 146 250 250 250 250 219 
Mispillion 131 100 250 250 250 250 250 250 250 250 250 
Mispillion 133 100 182 111 250 250 250 250 177 250 215 
Mispillion 136 100 250 250 250 250 250 250 250 250 250 
Mispillion 142 100 250 250 250 250 250 205 181 250 236 
Mispillion 144 100 250 250 133 198 250 250 250 250 229 
Mispillion 145 100 59 38 0 0 107 53 75 58 49 
Mispillion 146 100 250 250 250 250 250 191 250 250 243 

  



 

70 Monitoring and Assessment of Representative Tidal Wetlands of the Delaware Estuary 
PDE Report 13-03 

 

Appendix C – Rapid Assessment Raw Data - Hydrology 
FID WS TIDE SAL H1 H2 H3 H4 H_SCORE 
0 Crosswicks 4 0 12 12 ? 12 66.66667 
1 Crosswicks 1 0 12 12 12 12 100 
2 Crosswicks 1 0 12 12 9 9 83.33333 
3 Crosswicks 4 0 12 12 12 12 100 
4 Crosswicks 3 0 12 12 6 12 83.33333 
5 Crosswicks 4 0 12 12 12 12 100 
6 Crosswicks 3 0 12 12 12 12 100 
7 Crosswicks 3 0 12 12 3? 12 66.66667 
8 Crosswicks 3 0 12 12 12 12 100 
9 Crosswicks 2 0 12 6 12 12 83.33333 
12 Crosswicks 5 0 12 12 3 12 75 
13 Crosswicks 3 0 12 12 12 12 100 
16 Crosswicks 1 0 12 12 12 12 100 
18 Crosswicks 5 0 12 12 12 12 100 
20 Crosswicks 4 0 12 12 12 12 100 
1 Barnegat 

Bay South 
2 27 6 12 12 12 83.33333 

2 Barnegat 
Bay South 

2  6 6 12 12 66.66667 

3 Barnegat 
Bay South 

4 18 3 3 12 12 50 

4 Barnegat 
Bay South 

4 8 9 9 12 12 83.33333 

5 Barnegat 
Bay South 

2 25 6 6 12 12 66.66667 

6 Barnegat 
Bay South 

3 36 pond/ 
27 creek 

9 9 12 12 83.33333 

8 Barnegat 
Bay South 

4 32 12 12 12 12 100 
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9 Barnegat 
Bay South 

4 16 3 3 12 12 50 

10 Barnegat 
Bay South 

2 22 3 3 12 12 50 

11 Barnegat 
Bay South 

3 26 3 3 12 12 50 

12 Barnegat 
Bay South 

4 30 12 12 12 12 100 

13 Barnegat 
Bay South 

4 26 6 6 12 12 66.66667 

14 Barnegat 
Bay South 

5 14 9 9 12 12 83.33333 

15 Barnegat 
Bay South 

5 28 3 3 12 12 50 

16 Barnegat 
Bay South 

4 25 12 12 12 12 100 

17 Barnegat 
Bay South 

1 30 9 12 12 12 91.66667 

18 Barnegat 
Bay South 

2 27 6 6 12 12 66.66667 

19 Barnegat 
Bay South 

5 25 3 3 12 12 50 

22 Barnegat 
Bay South 

5 26 6 6 12 12 66.66667 

24 Barnegat 
Bay South 

5 30 12 12 12 12 100 

25 Barnegat 
Bay South 

2 16 6 6 12 12 66.66667 

26 Barnegat 
Bay South 

2 32 3 3 12 12 50 

28 Barnegat 
Bay South 

2 30 12 12 12 12 100 

29 Barnegat 
Bay South 

2 30 9 9 12 12 83.33333 
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30 Barnegat 
Bay South 

2 7 6 6 12 12 66.66667 

31 Barnegat 
Bay South 

4 25 6 6 12 12 66.66667 

32 Barnegat 
Bay South 

5 31 12 12 12 12 100 

33 Barnegat 
Bay South 

1 19 6 3 12 12 58.33333 

34 Barnegat 
Bay South 

4 24 3 3 12 12 50 

36 Barnegat 
Bay South 

5 26 9 6 12 12 75 

23 Maurice 4 5 12 6 6 12 66.66667 
34 Maurice 1 25 12 12 12 12 100 
8 Maurice 1 14 12 12 12 12 100 
18 Maurice 2 17 9 12 12 12 91.66667 
12 Maurice 2 10 12 12 12 12 100 
31 Maurice 1 N/A 12 12 12 12 100 
10 Maurice 5 15 12 12 12 12 100 
4 Maurice 3 15 12 12 12 12 100 
26 Maurice 5 12 12 12 12 12 100 
0 Maurice 4 14 12 12 12 12 100 
20 Maurice 1 N/A 12 12 3 12 75 
1 Maurice 2 N/A 12 12 3 12 75 
22 Maurice 5 7 12 12 3 12 75 
17 Maurice 5 14 12 3 3 12 50 
36 Maurice 4 5 12 12 3 12 75 
33 Maurice 5 0 12 12 12 12 100 
7 Maurice 3 0 12 12 12 12 100 
5 Maurice 5 8 12 12 12 12 100 
13 Maurice 4 10 12 12 12 12 100 
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24 Maurice 2 4 12 12 12 12 100 
6 Maurice 5 4 12 12 12 12 100 
35 Maurice 4 5 12 12 12 12 100 
2 Maurice 3 5 12 12 12 12 100 
3 Maurice 3 2 12 12 12 12 100 
28 Maurice 5 12 12 12 12 12 100 
27 Maurice 1 2 12 3 3 12 50 
11 Maurice 3 0 12 12 12 12 100 
19 Maurice 1 0 12 12 12 12 100 
14 Maurice 3 0 12 12 12 12 100 
16 Maurice 1 12 12 3 3 6 33.33333 
25 Christina 5 0 12 12 12 12 100 
10 Christina 3 0 12 9 12 12 91.66667 
30 Christina 4 0 12 12 3 3 50 
5 Christina 5 0 12 12 12 12 100 
8 Christina 4 0 12 12 12 12 100 
19 Christina 4 0 12 6 6 3 41.66667 
22 Christina 5 0 12 12 12 12 100 
3 Christina 1 0 12 3 3 3 25 
23 Christina 2 0 12 3 3 6 33.33333 
11 Christina 1 0 12 12 12 12 100 
27 Christina 1 0 12 12 12 12 100 
36 Christina 1 0 12 3 3 9 41.66667 
15 Christina 1 0 12 3 3 3 25 
16 Christina 1 0 12 6 12 12 83.33333 
20 Christina 1 0 12 12 12 12 100 
29 Christina 3 0 12 3 12 3 50 
24 Christina 1 0 12 12 12 12 100 
33 Christina 2 0 12 12 12 12 100 
37 Christina 1 0 12 12 9 6 75 
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32 Christina 3 0 12 3 3 12 50 
7 Christina 2 0 12 12 3 12 75 
2 Christina 2 0 12 12 3 3 50 
38 Christina 3 0 9 12 3 3 41.66667 
9 Christina 4 0 12 12 3 3 50 
12 Christina 1 0 12 12 12 12 100 
1 Christina 1 0 12 12 12 12 100 
0 Christina 3 0 12 12 12 12 100 
4 Christina 4 0 12 12 12 12 100 
18 Christina 3 0 12 12 6 12 83.33333 
39 Christina 4 0 9 3 3 3 16.66667 
12 PA Tidal 

Fresh 
2 0 12 3 3 12 50 

28 PA Tidal 
Fresh 

2 0.2 12 6 12 12 83.33333 

32 PA Tidal 
Fresh 

3 0 12 12 3 12 75 

31 PA Tidal 
Fresh 

2 0 12 12 3 12 75 

1 PA Tidal 
Fresh 

3 0 12 12 12 12 100 

13 PA Tidal 
Fresh 

3 0 12 12 3 12 75 

26 PA Tidal 
Fresh 

1 0 12 12 12 12 100 

9 PA Tidal 
Fresh 

1 0 12 12 12 12 100 

20 PA Tidal 
Fresh 

4 0 12 12 6 12 83.334 

38 PA Tidal 
Fresh 

2 0 12 12 3 12 75 

22 PA Tidal 2.5 0 12 12 12 12 100 
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Fresh 
24 PA Tidal 

Fresh 
4 0 12 12 3 12 75 

39 PA Tidal 
Fresh 

2 0 12 12 12 12 100 

5 PA Tidal 
Fresh 

3 0 12 12 12 12 100 

51 PA Tidal 
Fresh 

2 0 12 12 12 12 100 

35 PA Tidal 
Fresh 

2 0 12 12 12 12 100 

47 PA Tidal 
Fresh 

4 0 9 12 3 12 66.66 

55 PA Tidal 
Fresh 

3 0 12 9 3 12 66.66 

43 PA Tidal 
Fresh 

1 0 12 12 12 12 100 

48 PA Tidal 
Fresh 

5 0 12 12 12 12 100 

58 PA Tidal 
Fresh 

3-4 0 12 12 3 12 75 

18 PA Tidal 
Fresh 

5 0 12 12 12 12 100 

42 PA Tidal 
Fresh 

3 0 12 12 12 12 100 

11 PA Tidal 
Fresh 

2 0 12 12 12 12 100 

37 PA Tidal 
Fresh 

2 0 12 12 12 12 100 

54 PA Tidal 
Fresh 

2 0 12 12 12 12 100 

59 PA Tidal 
Fresh 

1 0 12 12 12 12 100 
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21 PA Tidal 
Fresh 

2 0 12 12 12 12 100 

14 PA Tidal 
Fresh 

3 0 12 12 12 12 100 

36 PA Tidal 
Fresh 

1 0 12 12 12 12 100 

1 Broadkill 2 30 6 12 12 12 83.3 
2 Broadkill  2 12 6 9 12 75 
3 Broadkill 3 10 6 12 12 12 83.3 
4 Broadkill 2 18 6 12 12 12 83.3 
5 Broadkill 4 40 3 12 12 12 75 
7 Broadkill 2 10 3 12 12 12 75 
8 Broadkill 2 30 12 12 6 12 83.33 
9 Broadkill 4 20 6 12 12 12 83.3 
11 Broadkill 2 30 9 12 12 12 91.66 
12 Broadkill 4 30 9 12 12 12 91.66 
13 Broadkill 3 28 3 9 12 12 66.66 
14 Broadkill  0 12 12 9 12 91.66 
15 Broadkill 1 0 6 12 3 12 58.33 
16 Broadkill 4 20 12 12 6 12 83.3 
17 Broadkill 2 40 6 6 12 12 66.67 
18 Broadkill 1 24 6 9 6 12 58.33 
19 Broadkill 3 15 6 9 12 12 75 
20 Broadkill 2 10 9 12 6 12 75 
21 Broadkill  NA 12 9 12 12 91.66 
22 Broadkill 2 30 3 9 9 12 58.33 
24 Broadkill 2 33 3 12 12 12 75 
25 Broadkill  35 9 12 3 12 66.66 
26 Broadkill 4 21 12 12 12 12 100 
27 Broadkill  0 12 12 9 12 91.66 
28 Broadkill 3 22 6 12 12 12 83.33 
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29 Broadkill 4 21 12 12 3 12 75 
30 Broadkill 3 39 6 9 12 12 75 
31 Broadkill 3 33 9 12 12 12 91.7 
32 Broadkill 3 19 12 12 3 12 75 
33 Broadkill  NA 12 12 9 12 91.66 
34 Broadkill 2 NA 12 12 12 12 100 
35 Broadkill 5 30 6 12 12 12 83.33 
36 Broadkill  10 12 12 3 12 75 
37 Broadkill 5 10 12 12 9 12 91.66 
38 Broadkill 1 17 6 12 12 12 83.33 
101 Mispillion 1 9 12 12 9 12 91.67 
102 Mispillion 4 24 12 12 9 12 91.67 
103 Mispillion 4 24 12 12 9 12 91.67 
104 Mispillion 4 NA 6 12 9 12 75 
105 Mispillion 3 NA 6 9 9 12 66.67 
106 Mispillion 3 4 12 12 9 12 91.67 
107 Mispillion 4 NA 9 9 9 12 75 
108 Mispillion 2 15 9 12 9 12 83.33 
110 Mispillion 5 NA 12 12 9 12 91.67 
111 Mispillion 3 28 9 9 9 12 75 
112 Mispillion 0 NA 9 12 9 12 83.33 
113 Mispillion 3 28 9 12 9 12 83.33 
114 Mispillion 3 20 6 12 9 12 75 
115 Mispillion 5 NA 3 12 9 12 66.67 
117 Mispillion 2 31 9 9 9 12 75 
118 Mispillion 0 NA 9 12 9 12 83.33 
119 Mispillion 1 19 3 12 9 12 66.67 
120 Mispillion 4 32 3 12 9 12 66.67 
121 Mispillion 3 18 12 12 9 12 91.67 
122 Mispillion 1 14 12 12 9 12 91.67 
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123 Mispillion 4 35 6 9 9 12 66.67 
124 Mispillion 4 NA 9 12 9 12 83.33 
126 Mispillion 5 28 6 12 9 12 75 
127 Mispillion 4 10 9 12 9 12 83.33 
128 Mispillion 3 NA 9 12 9 12 83.33 
129 Mispillion 1 NA 12 12 9 12 91.67 
130 Mispillion 5 16 12 12 9 12 91.67 
131 Mispillion 5 9 3 12 9 12 66.67 
133 Mispillion 5 32 9 12 9 12 83.33 
136 Mispillion 5 21 6 12 9 12 75 
142 Mispillion 5 16 3 9 9 12 58.33 
144 Mispillion 5 32 3 12 9 12 66.67 
145 Mispillion 1 12 12 9 9 12 83.33 
146 Mispillion 4 20 12 12 9 12 91.67 

  



 

79 Monitoring and Assessment of Representative Tidal Wetlands of the Delaware Estuary 
PDE Report 13-03 

 

Appendix D – Rapid Assessment Raw Data - Habitat 
FID WS CLASS %INV_CO HAB1 HAB2 HAB3 HAB4 HAB5 HAB_SCO 
0 Crosswicks Fringing Estuarine Tidal Fringe 0 9 12 12 12 12 93.33333 
1 Crosswicks Fringing Estuarine Tidal Fringe 0 6 12 9 12 12 80 
2 Crosswicks Fringing Estuarine Tidal Fringe 0 12 12 9 12 12 93.33333 
3 Crosswicks Fringing Estuarine Tidal Fringe 0 9 12 9 12 12 86.66667 
4 Crosswicks Fringing Estuarine Tidal Fringe 0 6 12 9 12 12 80 
5 Crosswicks Fringing Estuarine Tidal Fringe 0 6 12 9 12 12 80 
6 Crosswicks Fringing Estuarine Tidal Fringe 0 3 12 9 12 12 73.33333 
7 Crosswicks Fringing Estuarine Tidal Fringe 12.5 9 12 9 12 9 80 
8 Crosswicks Fringing Estuarine Tidal Fringe 0 6 12 9 12 12 80 
9 Crosswicks Fringing Estuarine Tidal Fringe 16.67 3 9 9 9 9 53.33333 
12 Crosswicks Fringing Estuarine Tidal Fringe 22.22 3 12 9 9 6 53.33333 
13 Crosswicks Fringing Estuarine Tidal Fringe 16.67 3 12 9 9 9 60 
16 Crosswicks Fringing Estuarine Tidal Fringe 0 3 9 9 12 12 66.66667 
18 Crosswicks Fringing Estuarine Tidal Fringe 0 6 12 9 12 12 80 
20 Crosswicks Fringing Estuarine Tidal Fringe 14.3 9 12 9 12 3 66.66667 
1 Barnegat Bay South Back Barrier Estuarine Tidal Fringe 0 9 3 9 12 12 66.66667 
2 Barnegat Bay South Expansive Estuarine Tidal Fringe 16.67 9 6 12 9 6 60 
3 Barnegat Bay South Expansive Estuarine Tidal Fringe 20 9 3 9 9 9 53.33333 
4 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 6 9 12 9 66.66667 
5 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 6 3 6 12 12 53.33333 
6 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 3 9 12 9 60 
8 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 3 9 12 12 66.66667 
9 Barnegat Bay South Expansive Estuarine Tidal Fringe 14.3 9 6 12 12 9 73.33333 
10 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 6 3 6 12 12 53.33333 
11 Barnegat Bay South Expansive Estuarine Tidal Fringe 33 6 6 12 6 9 53.33333 
12 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 12 3 9 12 12 73.33333 
13 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 12 6 9 12 12 80 
14 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 3 9 12 12 66.66667 
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15 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 6 12 12 12 80 
16 Barnegat Bay South Back Barrier Estuarine Tidal Fringe 0 12 3 9 12 12 73.33333 
17 Barnegat Bay South Back Barrier Estuarine Tidal Fringe 0 9 3 6 12 12 60 
18 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 6 9 12 12 73.33333 
19 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 3 9 12 12 66.66667 
22 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 3 9 12 12 66.66667 
24 Barnegat Bay South Fringing Estuarine Tidal Fringe 0 6 9 9 12 12 73.33333 
25 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 6 6 9 12 12 66.66667 
26 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 3 9 12 12 66.66667 
28 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 6 3 9 12 12 60 
29 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 12 3 9 12 12 73.33333 
30 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 3 12 12 12 73.33333 
31 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 12 3 6 12 12 66.66667 
32 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 6 6 12 12 66.66667 
33 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 6 12 12 12 80 
34 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 12 3 6 12 12 66.66667 
36 Barnegat Bay South Expansive Estuarine Tidal Fringe 0 9 6 9 12 12 73.33333 
23 Maurice Fringing Estuarine Tidal Fringe 33.333 9 12 9 6 3 53.33333 
34 Maurice Expansive Estuarine Tidal Fringe 0 9 9 9 12 12 80 
8 Maurice Marine Tidal Fringe 0 6 9 6 12 12 66.66667 
18 Maurice Fringing Estuarine Tidal Fringe 33.333 9 9 9 12 9 73.33333 
12 Maurice Expansive Estuarine Tidal Fringe 0 9 9 9 12 9 73.33333 
31 Maurice Expansive Estuarine Tidal Fringe 60 9 12 9 3 3 46.66667 
10 Maurice Expansive Estuarine Tidal Fringe 18 9 12 9 9 6 66.66667 
4 Maurice Expansive Estuarine Tidal Fringe 22.222 9 12 12 9 3 66.66667 
26 Maurice Expansive Estuarine Tidal Fringe 0 6 12 9 12 12 80 
0 Maurice Expansive Estuarine Tidal Fringe 14 9 12 12 12 9 86.66667 
20 Maurice Fringing Estuarine Tidal Fringe 50 12 9 9 3 3 46.66667 
1 Maurice Expansive Estuarine Tidal Fringe 100 9 12 6 3 3 40 
22 Maurice Expansive Estuarine Tidal Fringe 40 6 12 9 6 6 53.33333 
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17 Maurice Fringing Estuarine Tidal Fringe 25 6 9 9 9 3 46.66667 
36 Maurice Expansive Estuarine Tidal Fringe 33.333 6 12 9 6 9 60 
33 Maurice Expansive Estuarine Tidal Fringe 0 6 12 9 12 12 80 
7 Maurice Expansive Estuarine Tidal Fringe 0 6 12 9 12 9 73.33333 
5 Maurice Expansive Estuarine Tidal Fringe 20 6 12 9 9 9 66.66667 
13 Maurice Expansive Estuarine Tidal Fringe 20 6 12 9 9 9 66.66667 
24 Maurice Expansive Estuarine Tidal Fringe 33.333 6 12 9 6 9 60 
6 Maurice Expansive Estuarine Tidal Fringe 100 9 12 6 3 3 40 
35 Maurice Fringing Estuarine Tidal Fringe 100 9 12 6 3 3 40 
2 Maurice Expansive Estuarine Tidal Fringe 0 9 12 9 12 12 86.66667 
3 Maurice Expansive Estuarine Tidal Fringe 0 9 12 9 12 12 86.66667 
28 Maurice Expansive Estuarine Tidal Fringe 14 6 12 9 12 9 73.33333 
27 Maurice Expansive Estuarine Tidal Fringe 0 3 9 9 12 12 66.66667 
11 Maurice Expansive Estuarine Tidal Fringe 0 6 12 9 12 12 80 
19 Maurice Expansive Estuarine Tidal Fringe 0 3 9 9 12 12 66.66667 
14 Maurice Expansive Estuarine Tidal Fringe 0 3 12 9 12 12 73.33333 
16 Maurice Expansive Estuarine Tidal Fringe 0 3 12 9 12 12 73.33333 
25 Christina Fringing Estuarine Tidal Fringe 17 6 12 9 9 3 53.33333 
10 Christina Fringing Estuarine Tidal Fringe 0 12 12 9 12 12 93.33333 
30 Christina Fringing Estuarine Tidal Fringe 40 9 12 12 6 3 60 
5 Christina Expansive Estuarine Tidal Fringe 14 6 12 9 12 9 73.33333 
8 Christina Fringing Estuarine Tidal Fringe 0 6 12 12 12 12 86.66667 
19 Christina Fringing Estuarine Tidal Fringe 20 9 9 12 9 6 66.66667 
22 Christina Fringing Estuarine Tidal Fringe 0 6 12 9 12 12 80 
3 Christina Expansive Estuarine Tidal Fringe 29 9 12 9 9 6 66.66667 
23 Christina Expansive Estuarine Tidal Fringe 14 3 9 9 12 9 60 
11 Christina Fringing Estuarine Tidal Fringe 0 3 12 9 12 12 73.33333 
27 Christina Fringing Estuarine Tidal Fringe 0 3 12 9 12 12 73.33333 
36 Christina Fringing Estuarine Tidal Fringe 50 9 9 9 3 6 46.66667 
15 Christina Fringing Estuarine Tidal Fringe 33 9 9 9 6 9 60 
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16 Christina Fringing Estuarine Tidal Fringe 12.5 6 12 9 12 9 73.33333 
20 Christina Fringing Estuarine Tidal Fringe 0 6 6 9 12 12 66.66667 
29 Christina Fringing Estuarine Tidal Fringe 50 9 12 9 3 3 46.66667 
24 Christina Fringing Estuarine Tidal Fringe 0 6 6 9 12 12 66.66667 
33 Christina Expansive Estuarine Tidal Fringe 33 3 9 9 6 3 33.33333 
37 Christina Fringing Estuarine Tidal Fringe 25 6 12 9 9 6 60 
32 Christina Fringing Estuarine Tidal Fringe 0.33 6 9 9 6 9 53.33333 
7 Christina Fringing Estuarine Tidal Fringe 28.6 9 9 9 9 9 66.66667 
2 Christina Fringing Estuarine Tidal Fringe 100 9 9 6 3 3 33.33333 
38 Christina Fringing Estuarine Tidal Fringe 100 9 9 6 3 3 33.33333 
9 Christina Expansive Estuarine Tidal Fringe 100 9 12 6 3 3 40 
12 Christina Fringing Estuarine Tidal Fringe 100 6 12 6 3 3 33.33333 
1 Christina Fringing Estuarine Tidal Fringe 0 6 9 9 12 12 73.33333 
0 Christina Fringing Estuarine Tidal Fringe 0 3 12 9 12 12 73.33333 
4 Christina Fringing Estuarine Tidal Fringe 0 6 12 9 12 12 80 
18 Christina Expansive Estuarine Tidal Fringe 0 3 12 9 12 12 73.33333 
39 Christina Fringing Estuarine Tidal Fringe 100 6 12 6 12 3 53.33333 
12 PA Tidal Fresh Expansive Estuarine Tidal Fringe 9 9 9 6 6 53.33 
28 PA Tidal Fresh Fringing Estuarine Tidal Fringe 9 9 12 12 9 80 
32 PA Tidal Fresh Expansive Estuarine Tidal Fringe 9 9 9 6 9 60 
31 PA Tidal Fresh Expansive Estuarine Tidal Fringe 9 9 9 12 12 80 
1 PA Tidal Fresh Expansive Estuarine Tidal Fringe 9 6 9 12 9 66.667 
13 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 12 9 12 9 73.334 
26 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 12 9 12 12 80 
9 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 9 9 12 12 73.334 
20 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 12 9 12 9 73.334 
38 PA Tidal Fresh Expansive Estuarine Tidal Fringe 9 12 9 12 12 86.667 
22 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 9 9 12 12 73.33 
24 PA Tidal Fresh Expansive Estuarine Tidal Fringe 9 12 9 12 9 80 
39 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 9 12 12 9 73.33 
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5 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 9 9 12 9 66.67 
51 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 12 9 9 9 66.67 
35 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 12 12 12 12 86.67 
47 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 9 9 12 12 73.33 
55 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 6 9 12 9 60 
43 PA Tidal Fresh Expansive Estuarine Tidal Fringe 3 9 9 12 12 66.67 
48 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 6 9 9 9 53.33 
58 PA Tidal Fresh Expansive Estuarine Tidal Fringe 3 9 9 12 12 66.67 
18 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 9 9 9 6 53.33 
42 PA Tidal Fresh Fringing Estuarine Tidal Fringe 6 6 9 12 12 66.67 
11 PA Tidal Fresh Fringing Estuarine Tidal Fringe 12 9 9 9 6 66.67 
37 PA Tidal Fresh Fringing Estuarine Tidal Fringe 9 6 12 9 9 66.67 
54 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 9 9 12 12 73.33 
59 PA Tidal Fresh Expansive Estuarine Tidal Fringe 6 9 9 12 12 73.33 
21 PA Tidal Fresh Fringing Estuarine Tidal Fringe 9 6 12 12 9 73.33 
14 PA Tidal Fresh Fringing Estuarine Tidal Fringe 9 9 9 12 9 73.33 
36 PA Tidal Fresh Fringing Estuarine Tidal Fringe 9 6 9 12 12 73.33 
1 Broadkill Expansive Estuarine Tidal Fringe 0 6 9 9 12 12 73.3 
2 Broadkill Fresh Tidal scrub shrub 0   9 12 12 88.88 
3 Broadkill Expansive Estuarine Tidal Fringe 0 9 6 9 12 9 66.7 
4 Broadkill Expansive Estuarine Tidal Fringe 0 9 6 9 12 9 66.67 
5 Broadkill Expansive Estuarine Tidal Fringe 33 9 3 9 6 9 45.67 
7 Broadkill Expansive Estuarine Tidal Fringe 0 12 6 9 12 12 80 
8 Broadkill Fringing Estuarine Tidal Fringe 67 12 9 9 3 3 46.66 
9 Broadkill Expansive Estuarine Tidal Fringe 0 12 6 9 12 12 80 
11 Broadkill Expansive Estuarine Tidal Fringe 0 12 6 9 12 12 80 
12 Broadkill Expansive Estuarine Tidal Fringe 0 9 6 9 12 9 66.66 
13 Broadkill Expansive Estuarine Tidal Fringe 0 12 6 9 12 12 80 
14 Broadkill Fresh Tidal emergent 0 6 9 9 12 9 66.67 
15 Broadkill Expansive Estuarine Tidal Fringe 0 9 3 6 12 9 53.33 
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16 Broadkill Fresh Tidal forested 0 3 12 12 12 9 73.3 
17 Broadkill Expansive Estuarine Tidal Fringe 0 12 3 9 12 9 66.67 
18 Broadkill Expansive Estuarine Tidal Fringe 0 12 6 9 12 9 73.33 
19 Broadkill Expansive Estuarine Tidal Fringe 0 12 6 9 12 12 80 
20 Broadkill Expansive Estuarine Tidal Fringe 67 6 12 9 3 3 40 
21 Broadkill Fresh Tidal forested 0   9 12 9 77.77 
22 Broadkill Expansive Estuarine Tidal Fringe 0 12 3 9 12 12 73.33 
24 Broadkill Expansive Estuarine Tidal Fringe 0 9 6 9 12 9 66.66 
25 Broadkill Expansive Estuarine Tidal Fringe 25 6 6 9 9 9 53.33 
26 Broadkill Expansive Estuarine Tidal Fringe 0 3 12 9 12 9 66.667 
27 Broadkill Expansive Estuarine Tidal Fringe 50 6 9 6 3 3 26.66 
28 Broadkill Expansive Estuarine Tidal Fringe 0 6 3 9 12 12 60 
29 Broadkill Expansive Estuarine Tidal Fringe 100 3 12 9 3 3 33.33 
30 Broadkill Expansive Estuarine Tidal Fringe 0 12 3 9 12 12 73.33 
31 Broadkill Fresh Tidal forested 60 12 6 9 3 3 40 
32 Broadkill Expansive Estuarine Tidal Fringe 50 9 9 9 3 3 40 
33 Broadkill Fresh Tidal forested 0   12 12 12 100 
34 Broadkill Fringing Estuarine Tidal Fringe 0 6 12 9 9 12 73.33 
35 Broadkill Expansive Estuarine Tidal Fringe 0 9 6 12 12 9 73.33 
36 Broadkill Expansive Estuarine Tidal Fringe 80 9 9 9 3 3 40 
37 Broadkill Expansive Estuarine Tidal Fringe 100 6 12 6 3 3 33.33 
38 Broadkill Expansive Estuarine Tidal Fringe 0 3 6 9 12 12 60 
101 Mispillion Fringing Estuarine Tidal Fringe 50 6 6 9 3 3 26.67 
102 Mispillion Expansive Estuarine Tidal Fringe 0 6 6 9 12 9 60 
103 Mispillion Expansive Estuarine Tidal Fringe 0 9 6 9 12 9 66.67 
104 Mispillion Expansive Estuarine Tidal Fringe 0 9 6 9 12 12 73.33 
105 Mispillion Expansive Estuarine Tidal Fringe 0 9 6 9 12 9 66.67 
106 Mispillion Expansive Estuarine Tidal Fringe 17 3 12 9 9 9 60 
107 Mispillion Expansive Estuarine Tidal Fringe 0 9 6 9 12 12 73.33 
108 Mispillion Expansive Estuarine Tidal Fringe 0 6 6 9 12 12 66.67 
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110 Mispillion Expansive Estuarine Tidal Fringe 60 3 9 9 3 6 33.33 
111 Mispillion Expansive Estuarine Tidal Fringe 0 9 3 6 12 12 60 
112 Mispillion Expansive Estuarine Tidal Fringe 0 3 3 3 12 12 40 
113 Mispillion Expansive Estuarine Tidal Fringe 0 9 6 9 12 9 66.67 
114 Mispillion Expansive Estuarine Tidal Fringe 0 9 3 9 12 12 66.67 
115 Mispillion Expansive Estuarine Tidal Fringe 0 9 3 9 12 12 66.67 
117 Mispillion Expansive Estuarine Tidal Fringe 0 9 6 6 12 9 60 
118 Mispillion Expansive Estuarine Tidal Fringe 67 9 12 9 3 3 46.67 
119 Mispillion Expansive Estuarine Tidal Fringe 0 3 9 6 12 9 53.33 
120 Mispillion Expansive Estuarine Tidal Fringe 0 9 6 9 12 9 66.67 
121 Mispillion Expansive Estuarine Tidal Fringe 0 6 6 6 12 12 60 
122 Mispillion Expansive Estuarine Tidal Fringe 0 3 9 6 12 9 53.33 
123 Mispillion Expansive Estuarine Tidal Fringe 0 9 3 9 12 9 60 
124 Mispillion Expansive Estuarine Tidal Fringe 0 6 3 9 12 12 60 
126 Mispillion Expansive Estuarine Tidal Fringe 0 6 6 9 12 12 66.67 
127 Mispillion Expansive Estuarine Tidal Fringe 0 12 3 6 12 12 66.67 
128 Mispillion Expansive Estuarine Tidal Fringe 0 9 6 6 12 12 66.67 
129 Mispillion Expansive Estuarine Tidal Fringe 60 3 12 9 3 3 33.33 
130 Mispillion Expansive Estuarine Tidal Fringe 0 6 3 9 12 12 60 
131 Mispillion Expansive Estuarine Tidal Fringe 0 9 6 9 12 9 66.67 
133 Mispillion Expansive Estuarine Tidal Fringe 33 9 3 9 6 9 46.67 
136 Mispillion Expansive Estuarine Tidal Fringe 0 6 6 6 12 12 60 
142 Mispillion Expansive Estuarine Tidal Fringe 0 6 9 9 12 12 73.33 
144 Mispillion Expansive Estuarine Tidal Fringe 0 9 6 6 12 12 66.67 
145 Mispillion Fringing Estuarine Tidal Fringe 50 9 6 9 3 3 33.33 
146 Mispillion Expansive Estuarine Tidal Fringe 0 3 9 9 12 9 60 
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Appendix E – Shoreline Data and scores for 180 sample points assessed using MidTRAM between 
2010-2012. 
 

Watershed Point 
Number 

Shoreline Alteration 
Mean Index 

S1 Score 
(Shoreline 
Alteration) 

Shoreline Erosion 
Mean Index 

S2 Score 
(Shoreline 
Erosion) 

Mean Shoreline 
Score 

Crosswicks 0      
Crosswicks 1      
Crosswicks 2      
Crosswicks 3 0 12 0 12 100.0 
Crosswicks 4      
Crosswicks 5      
Crosswicks 6 0 12 0 12 100.0 
Crosswicks 7      
Crosswicks 8 0 12 0 12 100.0 
Crosswicks 9 -0.2 12 0.2 12 83.3 
Crosswicks 12 0 12 0.4 12 100.0 
Crosswicks 13      
Crosswicks 16      
Crosswicks 18 0 12 0 12 100.0 
Crosswicks 20      

Barnegat Bay 
South 1 0 12 -1 3 50.0 

Barnegat Bay 
South 2      

Barnegat Bay 
South 3      

Barnegat Bay 
South 4      

Barnegat Bay 
South 5 0 12 -1 3 50.0 
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Barnegat Bay 
South 6 0 12 -1 3 50.0 

Barnegat Bay 
South 8 0 12 -1 3 50.0 

Barnegat Bay 
South 9 0 12 -0.6 3 50.0 

Barnegat Bay 
South 10 0 12 -1 3 50.0 

Barnegat Bay 
South 11 0 12 -1 3 50.0 

Barnegat Bay 
South 12 0 12 -1 3 50.0 

Barnegat Bay 
South 13      

Barnegat Bay 
South 14      

Barnegat Bay 
South 15 0 12 -1 3 50.0 

Barnegat Bay 
South 16      

Barnegat Bay 
South 17 0 12 -1 3 50.0 

Barnegat Bay 
South 18 0 12 -1 3 50.0 

Barnegat Bay 
South 19      

Barnegat Bay 
South 22      

Barnegat Bay 
South 24 0 12 -1 3 50.0 

Barnegat Bay 
South 25 0 12 -1 3 50.0 

Barnegat Bay 
South 26 0 12 -1 3 50.0 

Barnegat Bay 
South 28      
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Barnegat Bay 
South 29 0 12 -1 3 50.0 

Barnegat Bay 
South 30      

Barnegat Bay 
South 31 0 12 -1 3 50.0 

Barnegat Bay 
South 32 0 12 -1 3 50.0 

Barnegat Bay 
South 33 0 12 -1 3 50.0 

Barnegat Bay 
South 34      

Barnegat Bay 
South 36      

Maurice 23 0 12 -1 3 50.0 
Maurice 34 0 12 -1 3 50.0 
Maurice 8 0 12 -1 3 50.0 
Maurice 18 0 12 0 12 100.0 
Maurice 12 0 12 -0.6 3 50.0 
Maurice 31 -0.6 12 -0.6 3 0.0 
Maurice 10      
Maurice 4      
Maurice 26      
Maurice 0      
Maurice 20   N/A 12  
Maurice 1      
Maurice 22      
Maurice 17      
Maurice 36      
Maurice 33 0 12    
Maurice 7      
Maurice 5 0 12 0.6 12 100.0 
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Maurice 13 0 12 0.6 12 100.0 
Maurice 24 0 12 -0.8 3 50.0 
Maurice 6      
Maurice 35      
Maurice 2 0 12 0.2 12 100.0 
Maurice 3 0 12 -0.4 3 50.0 
Maurice 28 0 12 -1 3 50.0 
Maurice 27      
Maurice 11      
Maurice 19      
Maurice 14      
Maurice 16      
Christina 25      
Christina 10      
Christina 30 -0.8 12 -1 3 0.0 
Christina 5      
Christina 8      
Christina 19 -0.4 12 -1 3 16.7 
Christina 22 0 12 -1 3 50.0 
Christina 3      
Christina 23      
Christina 11 0.2 12 -0.2 6 50.0 
Christina 27 0.2 12 -0.2 6 50.0 
Christina 36      
Christina 15      
Christina 16 0 12 1 12 100.0 
Christina 20 0 12 1 12 100.0 
Christina 29 -1 12    
Christina 24 0 12 1 12 100.0 
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Christina 33 -1 12 0.2 12 50.0 
Christina 37 0 12 -1 3 50.0 
Christina 32      
Christina 7      
Christina 2 0 12 -1 3 50.0 
Christina 38      
Christina 9 0 12 -1 3 50.0 
Christina 12 -0.2 12 0.4 12 83.3 
Christina 1 0 12 -1 3 50.0 
Christina 0 0 12 -1 3 50.0 
Christina 4 0 12 0 12 100.0 
Christina 18   1 12 33.3 
Christina 39      
PA Tidal 12 0 12 -0.2 6 66.7 
PA Tidal 28 0 12 0 12 100.0 
PA Tidal 32 0 12 -0.8 3 50.0 
PA Tidal 31 0 12 -0.8 3 50.0 
PA Tidal 1 0 12 -0.2 6 66.7 
PA Tidal 13 0 12 -0.4 3 50.0 
PA Tidal 26 0 12 0.4 12 100.0 
PA Tidal 9 0 12 -0.2 6 66.7 
PA Tidal 20 0 12 -0.2 6 66.7 
PA Tidal 38 -0.2 12 0.8 12 83.3 
PA Tidal 22 0 12 0.4 12 100.0 
PA Tidal 24 0 12 0.6 12 100.0 
PA Tidal 39 0 12 -0.6 3 50.0 
PA Tidal 5 0 12 -1 3 50.0 
PA Tidal 51 0 12 -0.8 3 50.0 
PA Tidal 35 0 12 -0.2 6 66.7 
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PA Tidal 47 0 12 -1 3 50.0 
PA Tidal 55 0 12 -0.8 3 50.0 
PA Tidal 43 0 12 0 12 100.0 
PA Tidal 48 0 12 -0.2 6 66.7 
PA Tidal 58 0 12 -0.2 6 66.7 
PA Tidal 18 0 12 -0.8 3 50.0 
PA Tidal 42      
PA Tidal 11   N/A 12  
PA Tidal 37   N/A 12  
PA Tidal 54      
PA Tidal 59 0 12 0.2 12 100.0 
PA Tidal 21   N/A 12  
PA Tidal 14   N/A 12  
PA Tidal 36   N/A 12  
Broadkill 1 0 12 0.4 12 100.0 
Broadkill 2      
Broadkill 3 0 12 -1 3 50.0 
Broadkill 4      
Broadkill 5      
Broadkill 7 0 12 -0.4 3 50.0 
Broadkill 8 -0.2 12 -0.6 3 33.3 
Broadkill 9 0 12 -0.4 3 50.0 
Broadkill 11      
Broadkill 12      
Broadkill 13      
Broadkill 14      
Broadkill 15      
Broadkill 16      
Broadkill 17 0 12 0 12 100.0 
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Broadkill 18 0 12 -1 3 50.0 
Broadkill 19 0 12 0 12 100.0 
Broadkill 20      
Broadkill 21      
Broadkill 22 0 12 -0.5 3 50.0 
Broadkill 24      
Broadkill 25      
Broadkill 26      
Broadkill 27      
Broadkill 28 0 12 -0.6 3 50.0 
Broadkill 29      
Broadkill 30      
Broadkill 31 0 12 -0.4 3 50.0 
Broadkill 32      
Broadkill 33      
Broadkill 34      
Broadkill 35      
Broadkill 36      
Broadkill 37 -0.2 12 -0.8 3 33.3 
Broadkill 38      
Mispillion 101   0 12 33.3 
Mispillion 102      
Mispillion 103      
Mispillion 104      
Mispillion 105      
Mispillion 106      
Mispillion 107      
Mispillion 108 0 12 -1 3 50.0 
Mispillion 110 0 12 1 12 100.0 
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Mispillion 111 0 12 0 12 100.0 
Mispillion 112      
Mispillion 113      
Mispillion 114 0 12 -1 3 50.0 
Mispillion 115 0 12 0 12 100.0 
Mispillion 117      
Mispillion 118      
Mispillion 119 0 12 0 12 100.0 
Mispillion 120      
Mispillion 121 0 12 0 12 100.0 
Mispillion 122 0 12 -1 3 50.0 
Mispillion 123 0 12 0 12 100.0 
Mispillion 124      
Mispillion 126      
Mispillion 127      
Mispillion 128      
Mispillion 129 0 12 1 12 100.0 
Mispillion 130 0 12 1 12 100.0 
Mispillion 131      
Mispillion 133      
Mispillion 136      
Mispillion 142 0 12 1 12 100.0 
Mispillion 144      
Mispillion 145 0 12 0 12 100.0 
Mispillion 146      
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METHOD DEVELOPMENT 
The Mid-Atlantic Tidal Rapid Assessment Method was developed as part of a collaborative 
effort among the Delaware Department of Natural Resources and Environmental Control, 
Maryland Department of Natural Resources and the Virginia Institute of Marine Sciences to 
assess the condition of tidal wetlands in the Mid-Atlantic region.  We are very grateful to the 
developers of the New England Rapid Assessment Method (NERAM) and the California Rapid 
Assessment Method (CRAM) from which we borrowed metrics, indicators, and index 
development.  This method and protocol is a living document and will be updated as we collect 
more information and continue to learn more about tidal wetland processes and stressors and 
how these impact the ecological integrity or condition of wetlands.   
 
This protocol was originally developed based on data collected in the Indian River watershed 
(DE), Nanticoke watershed (MD), and York River watershed (VA) in 2006 and 2007.  We 
collected a range of data including vegetation composition and structure, soil attributes, above 
and below ground biomass, soil stability, macro invertebrate composition, bird community 
composition, hydrology, surrounding land use, and stressors.  Additionally, we used both the 
NERAM and CRAM on the same sites.  Based on our data analysis we selected metrics from 
both NERAM and CRAM that were suitable to the mid-Atlantic region and were able to 
discriminate sites along a disturbance gradient.  The scaling of individual metrics was then 
adjusted to fit the range of conditions found in Mid-Atlantic tidal wetlands.  We also added 
several new metrics.  Since the first version of MidTRAM we have updated the metrics and 
scaling of metrics based on additional assessments in the Inland Bays, St. Jones River, and 
Murderkill River watersheds in Delaware.   
 
The overall formatting follows that of CRAM to depict the major wetland attributes including 
Plant Community (biotic and physical structure), Hydrology, and Buffer.  Each metric is given a 
score between 3 and 12 and then combined into attribute scores by summing the metric scores 
and dividing by the total possible value, depending on the number of metrics in that group. That 
value is adjusted to be on a 0-100 scale since each metric can only score a minimum of 3: 

 
 Buffer= ((((∑(B1…B5))/60)*100)-25)/75)*100 
 Hydrology= ((((∑(H1…H4))/48)*100)-25)/75)*100 
 Habitat= ((((∑(HAB1…HAB5))/60)*100)-25)/75)*100 
 

Final MidTRAM condition scores range from 0-100 and are calculated by averaging the 3 
attribute group scores: 

 
  MidTRAM = ((Buffer + Hydrology + Habitat)/3) 
 
 
CHANGES IN THIS VERSION 
This is the third version (3.0) of MidTRAM.  Changes made since version 2.0 were based on 
data from 150 sites in the Inland Bays, St. Jones River and Murderkill River watersheds.  In 
version 3.0 the habitat metric Plant Fragments is removed due to high sample variability, low 
responsiveness and failed mean rank condition tests.  Also, the test habitat metric Horizontal 
Vegetative Obstruction is now a scored metric based on strong correlations with above ground 
biomass.  Horizontal Vegetative Obstruction also replaces the metric Vertical Biotic Structure 
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which had low precision among users. The habitat metric Bearing Capacity remains a scored 
metric as a result of strong correlations with biomass values even though it exhibited high site 
variability and poor responsiveness.  To capture more site variability, version 3.0 requires that 8, 
bearing capacity readings are taken at each site (formerly 4).  The attribute and final score 
formulas reflect these metric changes.  Lastly, in cooperation with the Partnership for the 
Delaware Estuary, there are test metrics to measure 2 shoreline attributes: Erosion of shoreline 
and presence of shoreline alterations. 
 
USE OF METHOD 
This method was developed for the primary purpose of assessing the condition of tidal wetlands 
at the watershed scale using a probabilistic survey.  Therefore, the assessment is based on the 
evaluation of a fixed area of tidal wetland (50m radius circle).  We believe that the method also 
has wider applicability for other uses.  Multiple assessment areas may be required to assess 
larger areas to accurately depict the condition of the site.    
*The development team would appreciate any feedback from users on how they are using 
the method, the applicability in different areas, and suggestions for improvement.   
 
    A.  Time and Effort Involved 

The time to sample a site with MidTRAM will vary depending on the number of field 
crewmembers, the familiarity with MidTRAM, and site conditions.  Based on our 
experience, a trained crew of 2 people requires approximately 2 hours to complete the 
method once on site.    
 

    B.  Experience and Qualifications Needed 
MidTRAM should only be performed by individuals who have completed a training 
course on how to properly perform this method.  Users of this method should have 
experience in the identification of tidal wetlands including an understanding of the various 
stressors that impact different wetland types, native flora of the region, and soil properties.  
For information on training opportunities contact one of the program contacts listed above. 

 
 
FIELD PREPARATION 

A. Landowner Permission 
Permission should be obtained before accessing private property.  Our experience is that 
if contact can be made with the landowner there is a high probability that they will allow 
access to their property.  Georeferenced parcel data can be obtained through the State 
intranet for Delaware and landowner information can be found using the following 
websites:  
 
Delaware Counties 

Sussex County: 
 

http://www.sussexcountyde.gov 

Kent County: http://www.co.kent.de.us 
 

New Castle County:  http://www.nccde.org/defaulthome/home/webpage1.asp 
 

Maryland Counties 
http://sdatcert3.resiusa.org/rp_rewrite/ 

http://www.sussexcountyde.gov/�
http://www.co.kent.de.us/�
http://www.nccde.org/defaulthome/home/webpage1.asp�
http://sdatcert3.resiusa.org/rp_rewrite/�
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Virginia Counties 

http://www.dof.virginia.gov/gis/parcel-data.shtml 
 

 
 

B. Field Map Production 
Field maps should be produced before the initial site visit.  They should include the 
outline of the 50m assessment area, the outline of the 250m buffer area, NWI or State 
Wetland boundaries, and roads including names if applicable.  If an unusual feature exists 
in the AA or 250m buffer, review and print older maps to convey site history and 
disturbance considerations.  Maps should illustrate the site at multiple levels and dates: 

o Wetlands and hydrology (1:3000) 
o Wetlands and hydrology (1:24000) 
o Tax Parcels (1:5000) 
o Road Map (1:24000) 
o Soils (1:5000) 
o Old aerials 1937, 1954, 1961, 1968, 1992, 1997, 2002 (1:3000) 

 
 

C. Equipment List 
Printed protocol Plastic folding tape measurer 
GPS Compass 
Maps Datasheets 
Clipboard Pencils 
Guide to identifying tidal wetland plants Sunscreen 
Shovel Slide Hammer 
2 100m Tapes or 5 50m tapes Profile Board 
Waders Refractometer 
1m2 Quadrant Water 

 
 
CLASSIFICATION OF TIDAL WETLANDS 

Key to determining tidal wetland subclass in the mid-Atlantic region (see Figure 1) 
I. Is the wetland influenced by tidal cycles from a Bay or Ocean? 

No – site is nontidal; please refer to the Delaware Rapid Assessment Protocol or 
Virginia Rapid Assessment Method for alternate assessment methods for nontidal 
wetlands.   
Yes – go to step II 
 

II. Is the wetland bordered by the ocean on at least one side? 
A. Yes – Marine Tidal Fringe subclass 
B. No – Estuarine Tidal Fringe subclass  

1. Wetland located on the estuary side of a barrier island 
a) Yes – Back barrier Estuarine Tidal Fringe  
b) No – go to 2. 

2. Wetland is a narrow fringing marsh along the estuary, bay, or tidal 
river 

http://www.dof.virginia.gov/gis/parcel-data.shtml�
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a) Yes – Fringing Estuarine Tidal Fringe 
b) No – Expansive Estuarine Tidal Fringe 
 

Further classify estuarine tidal fringe subclass by salinity 
a) Polyhaline – 18 to 30 ppt 
b) Mesohaline – 5 to 18 ppt 
c) Oligohaline – 0.5 to 5 ppt 
d) Freshwater - <0.5 ppt 
 

 
Figure 1. Examples of tidal wetland classification.  Orange outline (top right) is Back barrier 
estuarine fringe, green outline (bottom left) is Fringing Estuarine Tidal Fringe, yellow outline 
(bottom middle) is Expansive Estuarine Tidal Fringe. 
 
ESTABLISHING THE ASSESSMENT AREA  
The Assessment Area (AA) is the area within a tidal wetland that will be sampled using 
MidTRAM.  All measurements will be performed in the AA or in the adjacent buffer to the AA.  
The center point of the AA is either randomly located when using a probabilistic sampling 
design or can be subjectively selected based on the goals of the assessment.   

• Mark the center of the AA. 
• Establish the AA as a 50-m radius circle centered on the sample point (0.8ha area).  Using 

2, 100m tapes, run one transect perpendicular from the open water edge to the upland 
edge, locate the 2nd transect perpendicular to the first.  Walk the tapes out from the center 
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with the tapes on the right side.  Look ahead to an approximate destination and try not to 
trample the wetland surface on the right.  Walk back to the center point keeping the tapes 
on the left.  This will prevent walking through and trampling areas that will become the 
AA subplots.  

 
A. Moving or adjusting the location and/or dimensions of the AA 

Several situations may occur that would require that the AA be positioned differently 
than above.  The following circumstances are for adjustments during a probabilistic 
survey.  The placement of the assessment area for reference sampling would allow 
moving from the original location by more than 100m.  Please note: If the location of 
the AA is moved or adjusted, make detailed notes on the datasheet explaining why 
the AA was moved and record the new lat/long. 
 

1. If the wetland does not extend 50m in all directions without touching upland or if 
>10% of the AA would be open natural water (water >30m wide): 
• Move the center point the least necessary distance <100m until the entire AA 

is within the wetland boundaries.  If >100m is needed the site should be 
rejected for a probabilistic survey.  If moving the AA away from upland or 
open water on one side results in a conflict on the other side see item 4 below. 

2. If the AA is within or contains a naturally occurring upland inclusion in the 
wetland: 
• If the upland inclusion is due to a disturbance (e.g. a pile of fill) do not move 

the center of the AA because you want to include the disturbance in the 
assessment. 

• If the original point is determined to be natural upland, examine the entire 
50m radius circle around the original point for a wetland.   

o If a wetland is found within this area, move the center point the least 
distance necessary <100m to establish an AA entirely in the wetland. 

o If no wetland is found within the bounds of the original AA, the site 
should be dropped and recorded as upland for a probabilistic survey. 

3. If the wetland is ≤ 0.8ha (8000ft²): 
• The AA becomes the same size as the wetland.  Detail this carefully in the site 

sketch. 
4. If the wetland is ≥0.8ha, but is oddly shaped and 50m radius will not fit without 

touching upland or without covering >10% natural open water (800m2; Figure 2): 
• Configure the AA as a 0.8ha rectangle positioned long ways across the 

wetland with the width being from the edge of the open water to the 
upland.  Find the average wetland width by measuring 3 transects, at 
least 20m apart, perpendicular from the open water to the upland.  This 
average will be the width of the AA.  Use the calculated average width 
to determine the length of your rectangle to equal 0.8ha. 

• Rectangle should be no longer than 150m long due to habitat variability and 
may be curved to fit along upland and open water edges.  Note the new 
dimensions and shape of the AA on the datasheet.  
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B. Locating subplots within the AA 

Subplots will all be located within the 0.8ha assessment area to perform vegetation 
structure and bearing capacity. 

1. Circle plot (Figure 3) 
• Eight 1m2 subplots will be placed along two 100m transects, dissecting the 

AA perpendicularly.   
• Subplots should be placed 25m and 50m from the center of the AA along each 

transect.   
• Subplots should be located in a dominant vegetation type of the AA (makes 

up ≥10% cover in the AA).  If the given plot is not representative of a 
dominant vegetation type (makes up ≥10% cover in the AA; e.g., on a small 
mud flat or in a ditch) move the sub-plot 1 meter along the transect and note 
the new location. 

2. Rectangle plot (Figure 4) 
• Eight 1m2 subplots will be placed along three transects within the AA, within 

a dominant vegetation type (covering ≥10% of AA).   
• Divide the AA in half length-wise, and into thirds width-wise. 
• Spread the 8 subplots out along the transects depending on the size of the 

rectangular AA, with 6 subplots along the outside edges and 2 subplots where 
the transects cross. 

• If the given plot is not representative of a dominant vegetation type (makes up 
≥10% cover in the AA; e.g., on a small mud flat or in a ditch) move the 
subplot 1 meter along the transect and note the new location. 

 

UPLAND 

OPEN 
WATER 

UPLAND 
OPEN 
WATER 

Variable water 
edge 

WETLAND 

20m  
20m 

Center of AA 

WETLAND Left: ∑ 3 transects/3=60; 8000m²/60m wide =133.3m long 
Right: ∑ 3 transects/3=75; 8000m²/75m wide =106.6m long 
 
Figure 2.  Illustration of how to determine the dimensions of a rectangular AA.  Use 
the average distance between the channel edge and upland as determined from the 
3transects to calculate length and achieve a 0.8 ha rectangle. 
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Figure 3: Location of Subplots in a circular assessment area. 

 

 
 
 
 

Rectangular AA divided into thirds 

Figure 4. Location of Subplots in a rectangular assessment area. 
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METRIC OVERVIEW 
 

Attribute Metric Description 
Buffer/Landscape Percent of AA 

Perimeter with 5m-
Buffer 

Percent of AA perimeter that has at least 5m of 
natural or semi-natural condition land cover 

Buffer/Landscape Average Buffer Width The average buffer width surrounding the AA that is 
in natural or semi-natural condition 

Buffer/Landscape Surrounding 
Development 

Percent of developed land within 250m from the edge 
of the AA 

Buffer/Landscape 250m Landscape 
Condition 

Landscape condition within 250m surrounding the 
AA based on the nativeness of vegetation, 
disturbance to substrate and extent of human 
visitation 

Buffer/Landscape Barriers to Landward 
Migration 

Percent of landward perimeter of wetland within 
250m that has physical barriers preventing wetland 
migration inland 

Hydrology Ditching & Draining The presence of ditches in the AA 
Hydrology Fill & Fragmentation The presence of fill or wetland fragmentation from 

anthropogenic sources in the AA 
Hydrology Wetland Diking / 

Tidal Restriction 
The presence of dikes or other tidal flow restrictions  

Hydrology Point Sources The presence of localized sources of pollution 
Habitat Bearing Capacity Soil resistance using a slide hammer 
Habitat Vegetative Obstruction Visual obstruction by vegetation <1m measured with 

a cover board. 
Habitat Number of Plant Layers Number of plant layers in the AA based on plant 

height 
Habitat Percent Co-dominant 

Invasive Species 
Percent of co-dominant invasive species in the AA 

Habitat Percent Invasive Percent cover of invasive species in the AA 
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DATA COLLECTION – CHARACTERIZATION METRICS 

SITE INFORMATION DATASHEET 
 
Site # 
Unique number for site (provided by EMAP if a random sample point) 
 
Site Name 
Select a unique name for the site. 
 
Date and Time 
Month, day, and year and hour and minutes of start and finish of sampling 
 
Field crew 
All members of the field crew 
  
Reference or Assessment Site 
Circle which applies.  Reference sites are subjectively selected because they represent a specific 
condition such as minimally disturbed or impacted by a specific stressor or represent an 
ecological variation of a wetland class.  Assessment sites are sites that have been randomly 
selected using a probabilistic sampling design. 
 
Marine tidal fringe, back barrier estuarine tidal fringe, fringing estuarine tidal fringe, 
expansive estuarine tidal fringe 
Based on wetland shape and location – see pages 4-5 of protocol for guidance on classification. 
 
Natural, re-establishment, establishment, rehabilitation, enhancement  
Select appropriate classification based on the below definitions. 

Natural- wetland that is un-manipulated 
Re-establishment- the manipulation of the physical, chemical, or biological characteristics of 
a site with the goal of returning natural/historic functions to a former wetland. 
Establishment- the manipulation of the physical, chemical, or biological characteristics 
present to develop a wetland that did not previously exist on an upland or deepwater site. 
Rehabilitation- the manipulation of the physical, chemical, or biological characteristics of a 
site with the goal of repairing natural/historic functions of a degraded wetland. 
Enhancement- the manipulation of the physical, chemical, biological characteristics of a 
wetland (undisturbed or degraded) site to heighten, intensify, or improve specific function(s) 
or for a purpose such as water quality improvement, flood water retention or wildlife habitat. 

 
Watershed/Sub-Watershed 
Watershed and sub-watershed in which the site is located. 
 
Lat/Long 
Latitude and longitude coordinates in digital degrees. 
 
AA moved from original location?  
Yes or no to indicate if the center of the AA was moved from its original location.  If the center 
was moved record the reason and the distance that the AA was moved.  This only applies to 
assessment sites that are based on a randomly located point.   
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Tidal stage 
Tidal stage that best represents the AA during the site visit.  Estimate tidal stage based on wrack 
lines and water marks. 

 high= 5, mid-high= 4, mean= 3, mid-low= 2, and low= 1 
 
Photos 
The photos should be taken in each cardinal direction and of prominent stressors.  Record the 
photo id number, time, and relevant comments. 
 
Assessment area sketch 
Sketch the AA and surrounding area.  Include the assessment area, transect orientation, subplots, 
direction to open water, major habitat features, adjacent land types and note stressors and 
approximate distances. 
 
Low marsh/High Marsh  
Indicate if the AA is dominated by low marsh plants (Spartina alterniflora) or high marsh species 
(Iva, Baccharis, Juncus, Schenoplectus)  
 
Distance to Upland 
Estimate the distance from the edge of the AA to the closest major upland body (not an island). 
 
Distance to Open Water 
Estimate the distance from the edge of the AA to the closest source of open water (>30m wide). 
 
Stability of Assessment Area 
Estimate the current physical stability of the wetland within the AA based on the below 
descriptions.      

Healthy & stable- wetland surface is mostly covered by vegetation mats, vegetation is 
healthy (green and robust). 
Beginning to deteriorate and/or some fragmentation- wetland surface is moderately 
covered by vegetation root mats with moderate amounts (~25%) unvegetated 
unconsolidated muck or open water. Vegetation is showing some signs of stress as 
indicated by yellowing tips of the vegetation or stunted plants.   
Severe deterioration and/or severe fragmentation- wetland surface covered by sparse 
vegetation root mats with large areas of unvegetated unconsolidated muck or open water, 
vegetation is severely stressed as indicated by yellowing or browning of leaves and 
stems, severely stunted plants, or early senescence of plants in the growing season. 

 
Soil Profile 
Extract a soil sample from the center point area at least 18cm deep.  Examine the core and 
determine the depth of the organic layer using the folding tape measurer.  Note if organic layer 
appears to be shallow (<16cm deep) or deep (>16cm deep). 
 
Salinity 
Salinity of water in parts per thousand on the wetland surface using a refractometer. 
 
Vegetation Communities and Features 
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After completing the subplot measurements and walking the AA, estimate the percent cover of 
the plant community and wetland features present in the AA.  Use the cover class and midpoint 
table for assistance.  The values will not add up to 100% but should roughly describe the features 
in the AA.  Common species/features are listed; if a vegetation type or wetland feature is present 
that is not listed, use the “other” box and write in a description of the type/feature.  If a 
vegetation type or feature is not present record a “0”.  These responses will help guide the plant 
layer worksheet in the Habitat group.  The amount of root mat can be affected by deep ditches, 
hummocks, or mucky ponds.  Dead vegetation (e.g. sprayed Phragmites) can be accounted for in 
‘unhealthy marsh’.  Features such as a panne can overlap in both ‘pannes/pools/creeks’ and as 
‘unvegetated/mud/sand’.  
 
Qualitative Disturbance Rating:  To be agreed upon by entire field crew upon the 
assessment completion.  Through observation of stressors and alterations to the vegetation, 
soils, hydrology in the wetland site, and the landuse surrounding the site, assessors determine 
the level of disturbance.  Observers should use best professional judgment (BPJ) to assign the 
site a numerical Qualitative Disturbance Rating (QDR) from least disturbed (1) to highly 
disturbed (6) relative to other sites in the watershed based on BPJ.  General description of the 
minimal disturbance, moderate disturbance and high disturbance categories are provided 
below.   

 
Minimal Disturbance Category (QDR 1 or 2): Natural structure and biotic community 
maintained with only minimal alterations. Minimal disturbance sites have a characteristic 
native vegetative community unmodified water flow into and out of the site, undisturbed 
microtopographic relief, and are located in a landscape of natural vegetation (250m 
buffer).  Examples of minimal alterations include a small ditch that is not 
conveying water, low occurrence of non native species, individual tree harvesting, and 
small areas of altered habitat in the surrounding landscape, which does not include 
hardened surfaces along the wetland/upland interface. Use BPJ to assign a QDR of 1 or 2. 

 
Moderate Disturbance Category (QDR 3 or 4): Moderate changes in structure and/or 
the biotic community.  Moderate disturbance sites maintain some components of minimal 
disturbance sites such as unaltered hydrology, undisturbed soils and microtopography, 
intact landscape, or characteristic native biotic community despite some structural or 
biotic alterations. Alterations in moderate disturbance sites may include one or two of the 
following: a large ditch or a dam either increasing or decreasing flooding, mowing, 
grazing, moderate stream channelization, moderate presence of invasives, forest 
harvesting, high impact landuses in the buffer, and minimal hardened surfaces along the 
wetland/upland interface.  Use BPJ to assign a QDR of 3 or 4.   
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High Disturbance Category (QDR 5 or 6): Severe changes in structure and/or the biotic 
community.  High disturbance sites have severe alterations to the vegetative community, 
hydrology and/or soils. This can be a result of one or several severe alterations or more 
than two moderate alterations. These disturbances lead to a decline in the wetland’s 
ability to effectively function in the landscape.   Examples of severe alterations include 
extensive ditching or 
stream 
channelization, 
recent clear cutting 
or conversion to a 
non-native vegetative 
community, 
hardened surfaces 
along the 
wetland/upland 
interfaces for most of 
the site, and roads, 
excessive fill, 
excavation or 
farming in the 
wetland. Use PBJ to 
assign a QDR of 5 or 
6. 

 
 Figure 5. Diagram of narrative criteria for qualitative ranking of disturbance. 
 
Comments 
Information that would otherwise be undocumented. 
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DATA COLLECTION - CONDITION METRICS 
 
Attribute 1: Buffer/Landscape 
 
The area surrounding a wetland is a critical transition zone that is important to the overall health 
and continued existence of a wetland.  The surrounding landscape can control runoff and 
improve water quality by processing pollutants from upland areas.  The surrounding landscape 
will also determine if a wetland has the ability to migrate inland with increasing sea-levels.  
Wetland buffers can provide protection from adjacent anthropogenic stressors (e.g. 
development), protect against outside human activities (e.g. farming) and can serve as habitat 
corridors for movement and recolonization of plants and wildlife. 
 
Five metrics are used to assess the buffer and landscape attributes of the assessment area.  The 
percent of assessment area perimeter with a buffer and the average buffer width are used to 
characterize the landuses surrounding the AA (see below).  The landscape metrics (250m 
landscape condition, surrounding development, and barriers to landward migration) characterize 
the condition of the surrounding landuses.  The following definitions should be used when 
evaluating metrics in the Buffer/ Landscape Attribute: 
 
Buffer – The buffer is the area adjoining the AA that is in a natural or semi-natural state and 
currently not dedicated to anthropogenic uses.  To be considered as buffer, a suitable land cover 
type as defined in Table 1 must be at least 5m wide and extend along the perimeter of the AA for 
at least 5 m.  The buffer width is evaluated out to 250m from the edge of the AA. 
 
Landscape – The surrounding landscape is defined as matrix of land in a natural or semi-natural 
condition as well as those dedicated to anthropogenic uses within 250m from the edge of the AA.   
 
B1.  Percent of Assessment Area Perimeter with 5m-Buffer 
 
Metric Source: California Rapid Assessment Method (CRAM), modified 
 
Definition: The buffer is the area adjoining the AA that is in a natural or semi-natural state and 
currently not dedicated to anthropogenic uses.  To be considered as buffer, a suitable land cover 
type as defined below and must be at least 5m wide and extend along the perimeter of the AA for 
at least 5 m.   
 
Assessment Protocol: Evaluate the landuse within 5m of the edge of the AA and determine the 
percent of the AA perimeter that has a buffer meeting the following criteria: 

• Adjacent to the AA 
• Natural or semi-natural landuse (see Table 1 for examples) 
• 5m wide from the edge of AA 
• Not Open Water- open water at least 30m wide that is in or adjacent to the AA (e.g. lake, 

bay, large river, or large slough) is considered to be neutral, neither part of the wetland 
nor part of the buffer because it protects the wetland from some stresses (e.g. preventing 
development) but can also be a source of stress (e.g. boat wakes, conveyance of trash). 
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Follow guidelines below:  

• Draw a perimeter around the AA 5m wide. 
• Exclude open water from the equation as neither buffer nor nonbuffer. 
• Consider the rest of the perimeter to be 100%. 
• Determine the proportion of the perimeter that is buffer versus nonbuffer perimeter. Refer 

to Table 1 for examples. 
• Record the estimated percent and circle the correct score based on the alternative states 

listed. 

     
Figure 6: Examples of determining % of AA with 5m buffer.  In both examples above a portion 
of the perimeter is open water and is not counted.  Of the remaining perimeter, 70% is natural 

wetland buffer, 30% is nonbuffer (road or developed). 
 

Table 1: Guidelines for identifying wetland buffers and breaks in buffers. 
Examples of Land Covers 

Included in Buffers 
Examples of Land Covers Excluded from Buffers Notes: buffers do 

not cross these land covers 
bike trails commercial developments residential areas 

foot trails 
fences that interfere with the 
movement of wildlife sports fields 

horse trails agriculture golf courses 

natural upland habitats roads 
urbanized parks with active 
recreation 

nature or wildland parks lawns 
pedestrian/bike trails with nearly 
constant traffic 

Raised dock or walkway parking lots Impoundments or berms 
 

Scoring: Percent of Assessment Area Perimeter with 5m-Buffer 
Record Estimated Percent  ______________% 

Alternative States                                                    
(not including open-water areas) 

Rating (circle one) 

Buffer is 100% of AA perimeter. 12 
Buffer is 75-99% of AA perimeter. 9 
Buffer is 50-74% of AA perimeter. 6 
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Buffer is <50% of AA perimeter. 3 
 
B2.  Average Buffer Width 
 
Metric Source: California Rapid Assessment Method (CRAM) 
 
Definition:  This metric assessed the width of area that was considered buffer in metric B1.  The 
average width of the buffer adjoining the AA is estimated by averaging the lengths of eight 
straight lines drawn at regular intervals around the portions of the AA with buffer (as determined 
in B1).  Lines are drawn from the AA perimeter outward to the nearest non-buffer land cover or 
250m, whichever is encountered first (Figure 7B).  The transect length will very between 5m 
(<5m does not meet the buffer definition above) and 250m (Figure7A). 
 
Assessment Protocol: 

1. Use the results of B1 and an aerial image of the AA and 250m buffer to determine the 
areas considered to be buffer.  Be sure to exclude open water and non-buffer habitat. 

2. Draw eight straight lines from the edge of the AA out through the buffer area at regular 
intervals in the portions of perimeter that are considered buffer (see Figure 7).  Drawing 
the lines on the printed map makes verification and Quality Assurance procedures easier. 

3. Measure the length (buffer width).   
4. Assign a metric score based on the average buffer width. 

 
Example A: Figure 7A below details a scenario where a circular buffer is limited by adjacent 
non-buffer land uses.  Lines A-H are evenly spaced in the buffer area, starting bottom left 
moving clockwise.  The lines do not include open water or non-buffer habitat.  The table on the 
right line lists the segment lengths.  The average buffer width for this site would be 147meters. 

 
   
Example B:  Figure 7B below shows a scenario in which the maximum buffer width of 250m is 
reached in all directions.  The 8 lines are evenly spaced.  The table lists the lengths; the average 
buffer width is equal to the maximum, 250meters. 

Line Buffer Width (m) 

M
ax

 le
ng

th
= 

25
0m

 A 75  
B  180 
C  225 
D  240 
E  175 
F  150 
G 70  
H  60 

Average Buffer Width  147 
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Example C:  Figure 7C below depicts a rectangular buffer.  The lines do not include open water 
or non-buffer habitat.  Four of the lines are directed off of the corners and the remaining four are 
positioned perpendicular to the middle of each edge of the rectangle.  The table on the right line 
lists the segment lengths.  The average buffer width for this site would be 111meters. 

 
 
Scoring: Average buffer width 

Alternative States Rating (circle one) 
Average buffer width 190-250m. 12 
Average buffer width 130-189m. 9 
Average buffer width 65-129m. 6 
Average buffer width 0-64m. 3 

 
 

Line Buffer Width (m) 

M
ax

 le
ng

th
 2

50
m

 A 250  
B 250   
C 250   
D 250   
E 250   
F 250   
G 250   
H 250   

Average Buffer Width 250   

Line Buffer Width (m) 

M
ax

 le
ng

th
= 

25
0m

 A 250 
B  250 
C  85 
D  33 
E  53 
F  136 
G 15 
H  65 

Average Buffer 
Width  106 
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B3.  Surrounding Development  
 
Metric Source: California Rapid Assessment Method (CRAM), modified 
 
Definition:  Developed land within 250m of the edge of the AA.  Suburban, urban, and industrial 
development as well as lawns, yards and golf courses that are mowed and maintained open are 
considered developed.  Agricultural land is not considered developed for this metric. 
 
Assessment Protocol:  Evaluate the surrounding land from the edge of the AA out to 250m and 
determine the percent of the areas that is developed. 

1. Use aerial photo of sites with AA and a 250m buffer from the edge of the AA. 
2. Estimate the percent of developed area within 250m of the edge of the AA.   
3. Confirm field estimates in office with ArcGIS and the latest landuse data available. 

Scoring: Surrounding Development between AA edge and 250m 
Estimate Development  _______________% 

Alternative States Rating (circle one) 
0% development  12 

>0-5% development 9 
>5-15% development 6 
>15% development 3 

 
B4.  250m Landscape Condition 
Metric Source: California Rapid Assessment Method (CRAM), modified 
 
Definition: The present condition of the surrounding landscape based on landuse practices 
surrounding the AA including the extent and nativeness of the vegetative cover, disturbance to 
the substrate, and human visitation.  The surrounding landscape is assessed in a 250m buffer 
which starts at the edge of the AA. 
 
Assessment Protocol:  Evaluate the landscape condition within 250m of the edge of the AA and 
use Table 3 to assign a metric score.   
 
Table 3: 250m Landscape Condition 

Alternative States Rating (circle one) 
AA's surrounding landscape is comprised of only native 

vegetation, has undisturbed soils, and there is no evidence of 
human disturbance. 

12 

AA's surrounding landscape is dominated by native vegetation, 
has undisturbed soils, and there is little or no evidence of human 

visitation.  
9 

AA's surrounding landscape is characterized by an intermediate 
mix of native and non-native vegetation, and/or a moderate 

degree of soil disturbance/compaction, and/or there is evidence of 
moderate human visitation. 

6 
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AA's surrounding landscape is characterized by barren ground 
and/or dominated by invasive species and/or highly compacted or 

otherwise disturbed soils, and/or there is evidence of intensive 
human visitation. 

3 

 
B5.  Barriers to Landward Migration 
 
Metric Source:  New England Rapid Assessment Method (NERAM) 
 
Definition:  Barriers to landward migration are physical barriers along the shoreline that would 
prevent the wetland from migrating inland with increasing sea levels.  Barriers can include 
hardened surfaces on the landward perimeter of the wetland such as sea walls, rip rap, debris or 
rock stabilization, a road or driveway that would be maintained, or other development within 
50m of wetland/ upland edge. 
Assessment Protocol:  Determine the proportion of wetland/upland shoreline that is obstructed 
from future marsh migration in the event of sea level rise. 

1. Determine the direction of open water.   
2. Draw a 90º ‘pie wedge’  behind the AA pointing away from the open water side of the 

AA directed landward (Figure 8, 9 and 10) to identify the area to evaluate.  The 
wetland/upland shoreline or the 250m buffer line within the pie wedge is the perimeter to 
evaluate, whichever is encountered first.  Do not include islands in this calculation.  Draw 
this perimeter line on the map.  (Drawing the pie and perimeter lines allow verification 
and Quality Assurance checks.) 

3. Visually estimate the percentage of that perimeter that is obstructed by a barrier to marsh 
landward migration.  Use aerial photography to estimate barriers and use field visits for 
confirmation.  Perimeter that is not hardened or maintained and would allow for marsh 
migration in the future is unobstructed.  If there is a barrier present in the upland (e.g. 
yard, berm, raised road) but there are >50m of unobstructed land (e.g. forest, scrub shrub, 
ag field) between the upland edge and the barrier, do not include as a barrier.  If the 
wetland/upland edge is >250m from the edge of the AA (the entire 250m buffer is marsh) 
record no barriers present and estimate the nearest distance to a barrier from the center of 
the AA.   
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Figure 9.  An example of BLM 
scoring.  The green arrows create 
the ‘pie’ of area to be evaluated.  
The blue dashed line follows 
wetland/upland perimeter that is  
obstructed by development.  The 
pink dashed line follows 
wetland/upland perimeter along 
forest and is unobstructed.  A small 
portion of perimeter line runs along 
the 250m buffer boundary and is 
not obstructed.  A measurement 
verified that nearby houses on the 
left are >50m from the perimeter 
line and do not count as obstructed.  
About 45% of the perimeter is 
obstructed. 

Figure 8.  An example of BLM 
scoring.  The black center point 
is surrounded by the red AA and 
yellow 250m buffer.  The green 
arrows point landward to create 
the ‘pie’ area to be evaluated.  
The pink dashed line follows the 
wetland/upland perimeter along 
forest and is unobstructed.  A 
small portion of the 250m 
perimeter is included in this 
perimeter.  0% of the landward 
perimeter is obstructed. 
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Scoring:  Barriers to Landward Migration 

% Perimeter Obstructed  
_____________% 

Estimated distance from 
center of AA ________m 

Alternative States Rating (circle one) 
Absent: no barriers, 0% 12 

Low: <10% of perimeter obstructed 9  
Moderate: 10-25% of perimeter obstructed 6  

High: 26-100% of perimeter obstructed 3  
  
 
Attribute 2: Hydrology 
 
Hydrology is the driving force that maintains the unique characteristics of wetlands, including 
hydrophytic vegetation and hydric soils, which differentiate wetlands from uplands.  Hydrology 
is integral to supporting numerous functions which define the wetland’s plant and animal 
composition and richness, physical borders, and nutrient cycling. 
 
The hydrology attribute is composed of four metrics.  Ditching & Draining and Fill & 
Fragmentation are measured within the assessment area; Diking & Tidal Restriction and Point 
Sources are measured in the AA and the surrounding 250m area. 
 
H1.  Ditching & Draining  
 
Metric Source:  New England Rapid Assessment Method (NERAM) 
 
Definition:  The quantity of ditches within the AA.  Ditches increase or decrease the residency 
of water in the AA. 

Figure 10.  An example of 
BLM for a rectangular AA.  
The black center point is 
surrounded by the red AA and 
yellow 250m buffer.  The green 
arrows point landward to create 
the ‘pie’ area to be evaluated.  
The pink dashed line follows 
the wetland/upland perimeter 
along forest >50m wide and is 
unobstructed.  The blue dashed 
line follows the wetland/upland 
perimeter that is obstructed by 
either adjacent.  In this 
example, 60% of the perimeter 
is obstructed by road or yard. 
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Assessment Protocol:   
Evaluation of this variable is performed using recent aerial photographs of the site and then a 
field visit to verify the presence and functionality of ditches.  Examples below should be used as 
a reference for scoring. (Figures 11-14 show varying levels of ditching). 
 

1. Use an aerial photo of the site that is zoomed to the extent of the AA. 
2. Identify ditches within the AA looking for the number and size of ditches. 
3. Confirm ditches in the field during the site visit as well. 

 
Examples:   

   
Figure 11: No Ditching- No ditches present                Figure 12: Low Ditching- One small ditch  

within the AA.          within the AA. 
 

     
Figure 13: Moderate Ditching- One to two                  Figure 14: Severe Ditching- At least two ditches 

ditches present in the AA.                                present in the AA.  
                                                     
  
 
Scoring:  Ditching & Draining 
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Alternative States Rating (circle one) 
No Ditching 12 

Low Ditching 9 
Moderate Ditching 6 

Severe Ditching 3 
 
 
H2.  Fill & Fragmentation  
 
Metric Source:  New England Rapid Assessment Method (NERAM) 
 
Definition:  To measure the presence and extent of fill within the AA and the amount of 
fragmentation of the wetland due to anthropogenic alterations (e.g. roads, berms, walkways, 
docks).  These disturbances can change the natural hydrology and plant community of the 
wetland. 
 
Assessment Protocol: 
Evaluation of this variable is performed using recent aerial photographs of the site and then a 
field visit to verify the presence of fill and barriers causing fragmentation of the AA.  Examples 
below should be used as a reference for scoring. (Figures 12-13 show varying levels of fill and 
fragmentation). 

1.  Use an aerial photo of the site that is zoomed to the extent of the AA 
2.  Identify areas of fragmentation within the AA 
3.  Validate observations in the field by walking the entire AA and recording the presence of 
fill and barriers causing fragmentation of the AA  
4. Estimate and record the surface area that fill is covering 
5. Determine appropriate score for site based on examples below 

 
Note: Ditches should not be included in the evaluation of fragmentation since they are 
evaluated under a separate metric.   
 
None- No fill within the AA or sources of fragmentation  
Low – Small amounts of fill  
Moderate – Elevated walkways or docks that somewhat interfere with water moving in or out of 
the site 
Severe – Substantial fill or obstructions on the wetland surface and/or artificially fragment a once 
whole wetland unit.  
 
Examples:  Refer to figures 15-18 for depictions of various degrees of fragmentation. 
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Figure 15. No fill or fragmentation.                        Figure 16. Low fill as piles along ditches. 
 

      
Figure 17:  Moderate fill and fragmentation caused by a dirt path (left). Fragmentation from raised 
walkway (right). 
 

 
Figure 18:  Severe fragmentation caused by gravel driveway or paved road. 
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Scoring:  Fill and Fragmentation 
Estimate amount of fill  _____________% of AA Comments 
Dimensions of Fill Pile  ____________________ 

  

Alternative States Rating (circle one) 
No fill or fragmentation 12 

Low fill or fragmentation 9 
Moderate fill or fragmentation 6 

Severe fill or fragmentation 3 
 
Note: the poorer rating of fill or fragmentation should be used to score the metric. 
 
H3.  Wetland Diking/ Tidal Restriction 
 
Metric Source:  New England Rapid Assessment Method (NERAM) 
 
Definition:  The presence of wetland diking and/or other tidal restrictions that interfere with the 
natural hydrology of the wetland.  Knowledge of local tide regimes is critical in determining the 
severity of tidal restrictions.   
 
Assessment Protocol:  Observe the AA and the surrounding 250m for sources of restrictions.  
Look for wrack lines and water lines near structures as a sign that they cause restrictions.  If a 
significant restriction is detected outside of the 250m buffer, it may also be scored down if it is 
known to cause restriction at the sampling location.  Note the distance and provide a description.  
Examples of diking and tidal restriction: 

• Under-sized culverts or bridge crossings 
• Roads 
• Man-made berms and dikes 
• Stabilized inlet (e.g. Indian River inlet) 

 
 
Scoring:  Diking and Restriction 
Description of restriction: ____________________________________________________ 

Alternative States Rating (circle one) 
Absent: no restriction, free flow, normal range 12 

Low: restriction presumed (<10% alteration of normal range) 9 
Moderate restriction (10-25% alteration of normal range) 6 

High (26-100 alteration of normal range) 3 
 
H4.  Point Sources 
 
Metric Source:  New England Rapid Assessment Method (NERAM), modified 
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Definition:  The presence of localized sources of pollution that are entering the wetland through 
a confined pathway (i.e. pipe, culvert, or ditch).  Point sources can contribute significant amounts 
of polluted waters from adjacent land practices.   
 
Assessment Protocol:  Evaluate the AA and 250m buffer using aerial photography for point 
sources such as outfalls and drains entering the AA or 250m buffer.  Field validate to confirm 
sources.  Determine if the source of the input is from a ‘developed’ or ‘natural’ land use.  
Examples of natural landuse include from a forest or through a fallow field.  Developed land has 
been dedicated to anthropogenic uses such as urban, suburban or industrial buildings, agriculture, 
lawns, yards, and golf courses.  Man-made water bodies that drain from developed land (e.g. a 
storm water retention pond) and exit into a wetland should be considered as a developed source. 
 
Scoring: Point Sources 

Alternative States Rating (circle one) 
Absent: no discharge 12 
Low: 1 small discharge from a natural area 9 
Moderate: 1 discharge from a developed area or 
2 discharges from a natural area 6 
High: ≥2 discharges from a developed area or ≥3 
from a natural area 3 

 
Attribute 3:  Habitat 
 
Wetlands provide habitat for a diverse array of plants and animals ranging from large mammals 
to invertebrates in the soil.  These species are dependent on the availability of resources provided 
by the wetland including vegetative structure and standing water.  Additionally, the wildlife 
communities that are supported provide valuable social and economical benefits to society 
through hunting and non-consumptive activities (e.g. bird watching). 
 
The habitat attribute is composed of six metrics: bearing capacity, plant fragments, vertical biotic 
structure, number of plant layers, percent of co-dominant invasive species, and percent invasive.  
These metrics characterize the biotic and abiotic shelter and structure components of the wetland.  
All measurements for habitat are taken within the assessment area. 
 
HAB1.  Bearing Capacity 
 
Metric Source:  New England Rapid Assessment Method 
(NERAM) 
 
Definition:  Bearing capacity is the ability of soil to support 
the loads applied to the ground as measured by the 
penetration of a capped 2” PVC tube into the wetland soil 
surface by applying a standard force with a slide hammer.  
Bearing capacity assesses the below-ground stability of the 
wetland with the assumption that as a wetland deteriorates 
due to natural and anthropogenic influences, below-ground 
organic material and the soil bearing capacity will also 
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decrease.  Reduced below-ground organic material may precede above-ground changes in the 
plant community and other indicators of stress. 
 
Assessment Protocol:  The base of the instrument is a 2inch capped PVC tube with a millimeter 
scale marked on its side.  The PVC pipe is one meter long and has a flat cap on the bottom.  The 
slide hammer is the top, weighs eighteen pounds and is attached to a PVC ring with a 5/8th inch 
bolt.  Measure bearing capacity in all 8 sub-plots following the directions below: 

1. Within each sub-plot toss a small ball (white or brightly colored golf balls work well) 
to determine a random sampling spot to place the flat cap bottom of the base.  Push 
aside vegetation and place the instrument on bare ground. 

2. Assemble the PVC tube and the slide hammer together and place gently on wetland 
surface at determined location. 

3. Measure initial compaction by recording how deep the PVC penetrates into the 
ground without exerting any force, using the millimeter scale on the PVC pipe.  

4. Lift and extend the slide hammer fully; release and allow it to fall freely with gravity. 
5. Without moving the slide hammer, measure compaction by recording how deep the 

PVC penetrated into the ground, using the millimeter scale on the PVC pipe. Record 
the depth as ‘blow 1’. 

6. Repeat steps 4-5 for blows 2-5. Record values in the space provided. 
7. Calculate the initial and final difference, average the 8 subplots and score using the 

options below. 
**IF there are unvegetated areas void of a root mat (hollows) make up >10% of the AA, bearing 
capacity readings should also be taken in exposed areas within the 8 sub-plots. 

• Take the ‘hummocks’ readings as directed above.  
• Repeat the procedure in the hollows as well and record values in the ‘unvegetated 

hollows’ area provided at the end of the datasheet. 
• Try to sample the unvegetated hollows right next to the location sampled for hummocks. 
• To score, estimate the percent of the AA that is in hummocks and in hollows (should add 

up to 100%).  Weight the average bearing capacity with the percent. Add the 2 weighted 
values.  Score using the original cutoffs. 
 

X= (hummock subplot average*hummock %)+( hollow subplot average*hollow %) 
 
 
 
Table 6: Bearing Capacity 

  Mark Depth (cm)    

  
Subplot 

1 
Subplot 

2 
Subplot 

3 
Subplot 

4 
Subplot 

5 
Subplot 

6 
Subplot 

7 
Subplot 

8 
Initial capacity             

Blow 1             
Blow 2             
Blow 3             
Blow 4             
Blow 5         

Final - Initial             
 
Scoring: Bearing Capacity 
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Average of Final – Initial 
Over the Eight Sub-plots Rating 

≤1.8 12 
 1.9-4.0 9 
4.1-6.2 6 

>6.2 3 
 
 
 
HAB2. Horizontal Vegetative Obstruction 
 
Metric Source:   This parameter was a test metric in 2008-09 and has been added to the protocol 
as a scored metric 2010. 
 
Definition:    Measures the amount of visual obstruction through the subplot area due to 
vegetation at 3 levels in each subplot using a profile board.  The profile board is 1m long and 
divided into 10 decimeter painted sections.  Measurements are taken as the amount of board 
visible through vegetation. 
 
Assessment Protocol: Obtain profile board measurements in each of the 4 sub-plots. 

• The recorder stands along the 100m tape at the subplot with a 1m dowel and the profile 
board.   

• The observer stands 4m away from the recorder, perpendicular to the tape with the other 
1m dowel.   

• The profile board is held horizontally at 0.25m, 0.5m and 0.75m above the wetland 
surface (each height increment is measured from the top edge of board).   

• The observer counts how many of the decimeter segments are visible at all through 
vegetation at each of the 3 heights.   

• For each reading, the observer should be eye level to the height held by the recorder.  The 
1m dowels can be marked with the 3 heights increments and used for accuracy. 

• Record the value at each height and note the dominant vegetation found between the 
observer and the recorder. 

• Sum the 3 height values for each subplot and average the 4 subplots.  Use the table below 
to assign a score. 

 
Table 1. Horizontal Vegetative Obstruction  Scoring: Horizontal Vegetative 
Place a 0 in boxes where board is obstructed  Obstruction 
from view by vegetation.  

Sub-plot  1 2 3 4 
0.25m         
0.50m         
0.75m         

Dominant 
vegetation         
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Plant Community Worksheet  
After completing the subplot measurements and walking the AA, survey the AA for the number 
of living, vascular plant species for the height layers defined below.  One species may be found 
in multiple layers if the minimum coverage is met in each height layer.  Each species in a height 
layer must cover ≥5% of the AA (20mx20m) and is identified by present plant height within the 
AA, not the potential growth of the plant.  Height is measured as the vegetation stands and 
should not be held upright for measurement.  Record each plant species present in the height 
layer including trees, shrubs, herbs, emergent, submergent, floating and invasive species.  Note if 
the species is invasive (see Appendix A).  Also record if that species is co-dominant with other 
species in that height layer only.  Co-dominant species make up ≥10% relative cover for that 
height layer only.   

Average of 4 Subplot Totals Rating 
<7 12 

 <12 ≥7 9 
<22 ≥12 6 

≥22 3 
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Fill out the Plant Community Worksheet after walking the entire AA.  This worksheet will be 
used for 2 plant metrics.   

 
• Floating Layer- rooted and non-rooted aquatic plants that form floating canopies 
• Short Vegetation- plant heights < 30cm tall 
• Medium Vegetation- plant heights are between 30-75cm tall 
• Tall Vegetation- plant heights are between 75cm-1.5m tall 
• Very Tall Vegetation- plant heights are > 1.5m tall 

 
HAB3.  Number of Plant Layers 
 
Metric Source:  California Rapid Assessment Method (CRAM), modified 
 
Definition:  The number of plant layers of varying heights in the AA.  Any layer with at least 1 
live species counts.   
 
Assessment Protocol:  Use the Plant Community Worksheet to count the number of plant layers 
present within the AA that have any species listed.  Use the categories below to score the metric. 
 

Floating or 
Aquatic 
Species Invasive? Co-dom? Short Species <0.3m Invasive? Co-dom? 

          
          
          

Medium Sp. 
0.3-0.75m  Invasive? Co-dom? Tall Species 0.75-1.5m  Invasive? Co-dom? 

          
          
          
       

    
 A. # of Plant Layers 

(max=5) 
 

Very Tall  
Spp.>1.5m  

 
Invasive? 

 
Co-dom? 

B. Total # of Native co-
dominant species for all 

layers combined 

 

  
  

  
  

 C. Total # of Invasive co-
dominant species for all 

layers combined 

 

   

    

 D. % of Invasive co-
dominant species for all 

layers combined 

 

    
 E. % Invasive cover in 

AA (0-100) 
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Scoring: Number of Plant Layers 
Alternative States Rating 

4-5 Layers 12 
2-3 Layers 9 

1 Layer 6 
0 Layer 3 

 
 
HAB4.  Percent Co-dominant Invasive Species 
 
Metric Source:  California Rapid Assessment Method (CRAM), modified 
 
Definition:  Percent of co-dominant species in the AA that are non-native.  To be considered a 
co-dominant species, it must represent >10% relative cover within that layer. 
 
Assessment Protocol:  Using the Plant Community Worksheet, sum the number of native, co-
dominant species in all height layers (B).  Sum the number of invasive, co-dominant species in 
all height layers (C).  Species in multiple layers are counted more than once.  Invasive species 
can be identified using state invasive species lists (Appendix A).  Divide the number of invasive 
co-dominant species (C) by the total number of co-dominant species (B+C).  Use the cutoffs 
below to score the metric. 
 
Scoring: Percent Co-Dominant Invasive Species 

Alternative States Rating 
0-15% 12 
16-30% 9 
31-45% 6 
46-100% 3 

 
 
HAB5.  Percent Invasive Cover 
 
Metric Source:  Mid-Atlantic Tidal Wetland Rapid Assessment Method 
 
Definition:  Percent cover of invasive species in the AA. 
 
Assessment Protocol:  Survey the AA for live invasive species and estimate their total percent 
cover, 0-100%.  For a complete list of Mid-Atlantic Invasive species refer to State Invasive 
Species Lists (Appendix A).  Record the estimate. Use the cutoffs below to assign a metric score. 
 
Scoring: Percent Invasive 

Alternative States Rating 
0% 12 

>0-25% 9 
26-50% 6 
>50% 3 
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APPENDIX A.  State Invasive Species Lists 
 
Delaware Invasive Species 
 

Draft from W.A. McAvoy, 6-08-2010 
Acer platanoides  Norway maple Magnolia kobus Kobus magnolia 
Acorus calamus  European sweetflag Microstegium vimineum  Japanese stilt grass  
Ailanthus altissima  tree-of-Heaven Miscanthus sinensis Chinese silver grass 
Akebia quinata  five-leaf akebia Murdannia keisak  marsh dewflower 
Alliaria petiolata  garlic mustard Myriophyllum aquaticum  parrot's-feather 
Ampelopsis brevipedunculata  porcelain-berry Ornithogalum umbellatum Star-of-Bethlehem 
Aralia elata  Japanese angelica-tree Pachysandra terminalis  pachysandra 
Arthraxon hispidus  joint-head arthraxon Persicaria longiseta/Polygonum cespitosum  longbristle 
Berberis thunbergii  Japanese barberry Persicaria perfoliata/Polygonum perfoliatum   
Bromus inermis awnless brome  mile-a-minute 
Bidens polylepis  awnless beggar-ticks Phalaris arundinacea  reed canary grass 
Cabomba caroliniana  Carolina fanwort Photinia villosa oriental redtip 
Carex kobomugi  Japanese sand sedge Phragmites australis subsp. australis  common reed 
Celastrus orbiculata  Oriental bittersweet knotweed Phyllostachys aurea  bamboo 
Centaurea stoebe subsp. micranthos  spotted knapweed Pinus thunbergiana  Japanese black pine 
Cirsium arvense  Canada thistle Poa trivialis  rough bluegrass 
Clematis terniflora  Japanese virgin's-bower Pyrus calleryana  Callery pear 
Conium maculatum  poison-hemlock Quercus acutissima sawtooth oak 
Echinochloa crus-galli  barnyard grass Reynoutria japonica/ Polygonum cuspidatum 
Egeria densa  Brazilian waterweed  Japanese knotweed 
Elaeagnus umbellata  autumn olive Rhodotypos scandens  jetbead 
Euonymus alatus  winged euonymus Rosa multiflora  multiflora rose 
Euonymus fortunei winter creeper Rubus phoenicolasius  wineberry 
Ficaria verna/Ranunculus ficaria  lesser celandine Rubus triphyllus three-leaf blackberry 
Galanthus nivalis  snowdrops Schoenoplectus mucronatus/Scirpus mucronatus  alien 
Gleditsia triacanthos honey-locust   bulrush 
Hedera helix  English ivy Sorghum halepense  Johnson grass 
Hemerocallis fulva  orange daylily Thlaspi alliaceum roadside penny-cress 
Humulus japonicus  Japanese hops Typha angustifolia  narrowleaf cattail 
Hydrilla verticillata  hydrilla Urtica dioica subsp. dioica  stinging nettle 
Iris pseudacorus  yellow iris Viburnum dilatatum exotic arrow-wood 
Leucojum aestivum  summer snowflake Viburnum setigerum tea viburnum 
Ligustrum obtusifolium  border privet Vinca minor  lesser periwinkle 
Lisustrum sinense Chinese privet  Wisteria sinensis  Chinese wisteria 
Ligustrum vulgare  European privet  
Lonicera japonica  Japanese honeysuckle  
Lonicera maackii  Amur honeysuckle  
Lonicera morrowii  Morrow’s honeysuckle  
Ludwigia leptocarpa  water-willow  
Ludwigia peploides subsp. glabrescens  floating seedbox  
Lysimachia nummularia creeping loosestrife  
Lythrum salicaria  purple loosestrife               
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Maryland Invasive Species 
Acer platanoides 
Ailanthus altissima 
Ajuga repans 
Alliaria petiolata 
Allium vineale 
Ampelopsis brevipedunculata 
Artemisia vulgaris 
Arthraxon hispidus 
Bidens polylepis  
Bromus sterillis 
Carduus acanthoides 
Carduus natans 
Catalpa spp. 
Caulerpa taxifolia 
Celastrus orbiculatus 
Centaurea maculosa 
Cirsium arvense 
Cirsium vulgare 
Clematis terniflora 
Coronilla varia 
Dioscorea oppositifolia  
Dipsacus sylvestris 
Duchesnea indica 
Eichhornia azurea crassipes 
Elodea densa 
Euonymus fortunei 
Festuca elatior  
Glechoma herderacea 
Hedera helix 
Heraceleum mantegazzianum 
Hermerocallis fulva 
Humulus japonicus 
Hydrilla verticillata 
Iris pseudacorus 
Laminum amplexicaule 
Lamium purpureum 
Lespedeza cuneata 
Liriope spicata 
Lonicera japonica 
Lysimachia nummularia 
Lythrum salicaria 
Microstegium vimineum (Eulalia viminea) 
Miscanthus sinensis 
Morus albus 
Myiophyllum brasiliense 
Myiophyllum spictatum 
Myosoton aquaticum (Stellaria aquatica) 

 
 
Ornithogalum nutans 
Ornithogalum umbellatum 
Paulownia tomentosa 
Perilla frutescens 
Phalaris arundinacea 
Pharagmites australis 
Picea glauca 
Pinellia ternata 
Polygonum cuspidatum 
Polygonum perfoliatum 
Polygonum sachalinense 
Populus alba 
Potamogeton crispus 
Prunus avium 
Pueraria loboata 
Ranunculus ficaria 
Salvinia molesta 
Solanum dulcamara 
Sorghum bicolor 
Sorghum halepense 
Trapa natans 
Vinca minor 
Wisteria floribunda 
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Virginia Invasive Species 
Acer platanoides 
Agropyron repens 
Agrostis tenuis 
Ailanthus altissima 
Ajuga reptans 
Akebia quinata 
Albizia julibrissin 
Alliaria petiolata 
Allium vineale 
Alternanthera 
philoxeroides 
Ampelopsis 
brevipedunculata 
Arostis gigantea 
Arrhenatherum elatius 
Artemisia vulgaris 
Arthraxon hispidus 
Arundo donax 
Berberis thunbergii 
Carduus nutans 
Carex kobomugi 
Cassia obtusifolia 
Celatrus orbiculata 
Centaurea biebersteinii 
Centaurea jacea 
Cirsium arvense 
Cirsium vulgare 
Commelina communis 
Conium maculatum 
Conron varia  
Convolvulus arvensis 
Dactylis glomerata 
Dioscorea oppositifolia 
Dipsacus laciniatus 
Dipsacus sylvestris 
Egeria densa 
Elaeagnus angustifolia 
Elaeagnus pungens 
Elaeagnus umbellata 
Eragrostis curvula 
Euonymus alata 
Euonymus fortunei 
Euphorbia esula 

Festuca elatior (F. 
pratensis) 
Foeniculum vulgare 
Glechoma hederacea 
Hedera helix 
Holcus lanatus 
Humulus japonicus 
Hydrilla verticillata 
Imperata cylindrica 
Ipomoea coccinea 
Ipomoea hederacea 
Ipomoea purpurea 
Iris pseudacorus 
Lapsana communis 
Lespedeza bicolor 
Lespedeza cuneata 
Ligustrum obtusifolium 
Ligustrum sinense 
Lonicera fragrantissima 
Lonicera japonica 
Lonicera maackii 
Lonicera morrowii 
Lonicera standishii 
Lonicera tatarica 
Lonicera x bella 
Lotus corniculatus 
Lysimachia nummularia 
Lythrum salicaria 
Melia azedarach 
Melilotus alba 
Melilotus officinalis  
Microstegium vimineum 
Miscanthus sinensis 
Morus alba 
Murdannia keisak 
Myriophyllum 
aquaticum 
Myriophyllum spicatum  
Pastinaca sativa 
Paulownia tomentosa 
Perilla frutescens 
Phleum pratense 
Phragmites australis  
Phyllostachys aurea 

Poa comressa 
Poa trivialis 
Polygonum cespitosum 
Polygonum cuspidatum  
Polygonum perfoliatum  
Populus alba 
Pueraria montana 
Ranunculus ficaria 
Rosa multiflora 
Rubus phoenicolasius 
Rumex acetosella 
Rumex crispus 
Setaria faberi 
Sorghum halepense 
Spriaea japonica 
Stellaria media 
Trapa natans 
Ulmus pumila 
Veronica hederifolia  
Viburnum dilatatum 
Vinca minor (V. major) 
Wisteria floribunda 
Wisteria sinensis 
Xanthium strumarium 
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APPENDIX B.  Identifying Native Phragmites  
Phragmites australis subsp. americanus Saltonstall, Peterson & Soreng 

Adapted from Key Field Characteristics in the Tidal Mid-Atlantic Region 
By Robert Meadows - Delaware Division of Fish & Wildlife, Newark, Delaware (robert.meadows@state.de.us) 
 

No. Characteristic Native Introduced Remarks 
1a Leaf Color Lighter Green Darker Blue Green Summer 
2 Leaf Texture Smoother Coarse (midrib apparent) Late Summer 
 Leaf Sheath:    

4a            Clasping Stem Very loosely wrapped Very tightly wrapped Late Summer, Fall and Winter 
5ab            Retention on stem Caducous: most fall off. All are still tightly wrapped If in doubt, look at dead reeds! 
6b   Ligule width Wider (1.0-1.7 mm) Narrower (0.4-0.9 mm) See Diagrams 
 Culm:    Remember to remove leaf sheath first!   

7a            Color in Summer Maroon (“sunburnt”) Light Green In exposed portions of stand 
8            Color in Winter Chestnut Tan  
9a            Spots Distinct Black Spots None On culm, not sheath (at node) 
10            Height Shorter, to ca. 12-ft Taller, to ca. 15-ft  
12  Stem smoothness Glossy (polished) Ridged, can feel with fingernail  

    b   Flower: Lower Glumes  Longer  3.0-6.5 mm Shorter   2.5-5.0 mm See DDiiaaggrraammss  
 

Flower at nearly same time  
    c Upper Glumes  5.5-11.0 mm                4.5-7.5 mm 
    d Lemmas  8.0-13.5 mm                7.5-12.0 mm 
14 Rhizome Less dense, softer/fewer root 

hairs 
Denser, firmer/thicker root hairs  

15 Senescence ca. mid to late September ca. Late October- November Best times to survey for native 
 Habitat:    

16            Salinity Fresh to Oligohaline (<8ppt) Fresh to Mesohaline (<18ppt) Native historically occurred in 
mesohaline 

17            Disturbance Undisturbed wetlands Highly disturbed to pristine  
18  Biodiversity Other plant sp. common Monotypic stands common  

a Characteristics 1, 4, 5, 7, and 9 are additional key field traits (the remaining traits are not required to make a positive ID). 
bLeaf Sheath Retention (5) and Ligule width (6) are universal traits; always check these on dead stems to confirm a presumptive ID. 

mailto:robert.meadows@state.de.us�
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Leaf Sheath Parts                               Flower Parts 

                                               
 

Spikelet Parts (containing 3 Florets) 
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APPENDIX C: MidTRAM DATASHEETS
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APPENDIX D: Shoreline Test Metrics 
 
Proposed Shoreline Additions to MidTRAM v.2.0 
DK, AP 6/4/10 
 
Notes:   
 
The MidTRAM has three core attributes, and this would add a fourth optional component.  The goal is 
to assess the condition of the seaward edge, balancing the assessment of the landward buffer (already in 
MidTRAM).  The shoreline component scores can be omitted from the overall RAM scoring in cases 
where results are to be directly compared to other MidTRAM results (i.e., the scoring is MidTRAM).  If 
the shoreline component is included in the overall RAM scoring, the results will be presented as 
“modified MidTRAM” or some other name TBD. 
 
A shoreline is defined as the area between the edge of the vegetated marsh and mean low water along 
the nearest adjacent water body to the assessment area.  The water body must  be a tidally influenced 
creek or open bay with a minimum width of 30 m.    This criterion will ensure that the water body has 
sufficient surface area and fetch to be exposed to wave and erosion energies.  If no suitable water body 
is within 250 m of the center of the assessment area, then shoreline condition will not be assessed for 
that point.   
 
If >50% of the points do not meet these criteria and cannot be assessed for shoreline condition, and if 
additional funds allow for added fieldwork, then alternative points that satisfy these criteria can be 
selected from the overdraw field of random points for analysis of just the shoreline condition metrics.   
 
The following is for potential modification of the Metric Overview table on pg 12 of MIDTRAM v. 
2.0 pdf.  For 2010, just test these metrics and later decide whether and how to add them to 
MidTRAM. 
 
SHORELINE (S) 
 
Attribute  Metric    Description 
 
SHORELINE   S1: Shoreline Alterations   Presence of built structures or  

non-natural materials along the  
shoreline at transect points, such as bulkheads, old 
wharfs, rip rap, but not natural materials such as 
shell, debris and living shorelines. 
 

S2:  Shoreline  Erosion Shoreline condition at shoreline    
 transect points based on the erosion:accretion ratio. 
 

Article I. Attribute: 4: Shoreline 
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Figure 1.  Configuration of the assessment area (red circle,) buffer area (yellow 
circle,) and shoreline transects (green lines) for each random wetland sample point. 

While shorelines naturally change and move, their susceptibility to increased wave action due to human 
activities, as well as sea level rise, are not fully understood in the Delaware Estuary region. In marshes, 
the shoreline represents the “front-line” for either retreating or advancing marsh. 
 
Shoreline condition is assessed with two metrics; erosion and alterations. Both of these metrics are 
assessed at the seaward termini for each of five transects that are oriented perpendicular to the shoreline 
as shown in Figure 1.  These termini are referred to as “transect points.” 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Steps for determining transect point location (see Figure 1).  Steps 1-3 should be completed using GIS 
prior to field work.  The field crew will survey shoreline condition at five transect points using 
predetermined GPS coordinates.  Once in the field, the field crew can adjust the location (or delete as a 
last resort) transect points that are found to be inaccessible or unsuitable.  If a site is moved (in 
accordance with the MIDTRAM) then a transect will be drawn from the new point to the nearest tidal 
influenced, at least 30m wide, body of water.  From this mid point (Point 3), the other 4 points can be 
determined by using GPS to pace out 150m in either direction from the midpoint then 300m from the 
midpoint in either direction. Shorelines are not considered if human built, ie levies, or a bay shoreline.   
 
Identify the circular buffer area that extends 250m beyond the edge of the assessment area (AA.)  Establish a 
linear transect from the center of the AA to the nearest tidal influenced, at least 30m wide, body of water.  
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In cases where the shoreline is curved, the linear transect will still be set as the shortest distance between the 
center of the AA and the shoreline.  In cases where the AA is situated within an impoundment and there is a 
man-made levee or some other hydrological impediment between the AA and the shoreline, the transect will 
be kept as long as the body of water is tidally influenced and at least 30m wide.  If this is not true the next 
nearest tidally influenced, at least 30m wide, body of water will be used. 
 
In cases where transect is repositioned in the field, the location of the five transect points (see #1-5 below) 
will be set approximately 150m apart and actual GPS measurements will be recorded enabling calculation of 
exact distances later.  A minimum of 3 transect points set at least 100 m apart are needed to constitute a valid 
shoreline assessment per point.  
 

1. Find the nearest tidally influenced, at least 30m wide body of water. 
2. Establish a transect from the center of the AA to this body of water. Where the transect intersects 

shoreline is Point #3. 
3. Establish two transects that are parallel to the main center transect 300m  on each side  of the center 

of the  AA, the outer boundary of the buffer area (see Figure 1.). 
4. Establish two parallel transects that are 150m from the center of the AA.   Facing the water from the 

AA, the transects are consistently numbered from 1-5 moving from North to South or East to West.  
The five transects are 150m apart. 

5. The intersection of Transects #1-5 with the shoreline are the Transect Points #1-5.  See above for the 
definition of the shoreline.   

6. Two shoreline condition metrics will each be assessed at each of the five transect points preferably 
during the time between mid-ebb and mid-flood tides if possible for consistancy.  Therefore, during 
field assessments, the shoreline assessment portion should be completed near the beginning or end of 
the effort per point to ensure that at least half of the intertidal zone can be surveyed for shoreline 
condition.  If this time frame cannot be accomplished, and the shoreline cannot be adequately viewd  
a score of “0”, stable, will be assigned.  

7. At each point, for shoreline alteration the area of focus will be a 50 m wide band through the 
intertidal zone, extending from the seaward edge of the contiguous vegetation to the middle of the 
intertidal zone (since the low intertidal zone might not always be visible).  Shorelines with steep 
slopes will have a smaller area of focus than shorelines with gradual or terraced slopes (e.g. for 
examples, see Figure 2.) For the shoreline erosion metric a 20m area of focus will be considered.  
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Figure 2.  Area of focus (black line) for shoreline assessment for marsh edges having 
different slope configurations.  In all examples, the dense clump of taller grasses to 
the left signifies the seaward margin of the contiguous vegetation, whereas small 
clusters of grasses within the area of focus signify clumps of vegetation or broken 
terraces.   

Area of Focus 
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Article II. S1: Shoreline Alteration 
 
Definition: 
Shoreline alterations are built structures that consist of hard surfaces or substrates that are not typically 
found along tidal wetland shorelines.  Any structure that shades or disrupts the normal hydrology; 
examples include bulkheads, rip rap, wharfs and piers. These structures and alterations can be derelict or 
still maintained (for examples, see Figures 3 and 4.)   Not to be included are restoration alterations that 
use soft or natural materials along the edge (e.g. some installed “living shorelines”, Figure 5), flotsam, 
or natural fill such as shell piles or woody debris.  
 
 
Assessment Protocol: 
Standing at the transect point where the transect exits the contiguous vegetated marsh and begins to drop 
in elevation through the non-vegetated intertidal zone (i.e., between the contiguous vegetated marsh 
edge and the mid-intertidal zone on the foreshore,) scan the immediate viewable upper intertidal zone 
along the shoreline for 25 m in either direction.  Assess whether this 50 m section of shoreline is 
eroding, stable, or accreting, on average.  If this is unclear, score it as stable. 
 
Standing at the transect points scan the immediate viewable upper intertidal zone along the linear 
shoreline for 25 m in either direction.  Assess whether this 50 m section of shoreline contains any 
shoreline alterations, and if so, measure the total linear shoreline that is altered (occupied by structures 
or otherwise manipulated.) 
 
Assessment Protocol:  
At each transect point, measure the linear expanse of shoreline that is altered within the 50 m area of interest 
straddling the transect (25 m to either side.)  Divide the altered shoreline length by 50 m to calculate a 
percentage of linear shoreline that is altered.  Average this percentage among the (up to 5) transects. 
 

 

Figure 3. Example of Shoreline Alteration of non-natural manipulation, a 
derelict pier. 
 
 



 

MidTRAM 3.0   
 

42 

 
 

 
      
 Scoring: Shoreline Alterations      

 Percent Shoreline Altered  
% 

 
 Transect 1   
 Transect 2   
 Transect 3   
 Transect 4   
 Transect 5   

 Average   

Figure 5. Example of living shoreline installed for erosion control and 
consisting of natural fiber logs and mats, oyster shell, and seeded with 
mussels and vascular plants. 
 

Figure 4. Example of non-natural shoreline manipulation, bulkheads. 
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Article III. S2: Shoreline Erosion 
 
Definition: 
Standing at the transect point where the transect exits the contiguous vegetated marsh and begins to drop 
in elevation through the non-vegetated intertidal zone (i.e., between the contiguous vegetated marsh 
edge and the mid-intertidal zone on the foreshore,) scan the immediate viewable upper intertidal zone 
along the shoreline for 25 m in either direction.  Assess whether this 50 m section of shoreline is 
eroding, stable, or accreting, on average.  If this is unclear, score it as stable. 
 
See Figures 6 and 7 for examples of accretion and Figure 8 and 9 for examples of erosion.  Typically, 
accretion is evidenced by accumulated soft sediments and seaward colonization of the foreshore by 
sprigs of vegetation.  Erosion is typically indicated by a lack of accumulated soft sediments, exposure of 
non-vegetated peat, peat terraces, and sharp slopes with undercut vegetation and cusps.  This metric 
requires that the observer estimate whether the shorelines is either generally eroding, generally 
accreting, or is generally stable, within a 20 m shoreline section bounded 10 m to either side of the 
transect point.  
 
Assessment Protocol: 
Scan the shoreline for 10 m in either direction of the transect point, focusing on the intertidal zone between 
the contiguous vegetated marsh and the mid-intertidal zone of the foreshore.  In this 20 m of upper intertidal 
shoreline, estimate if the average condition is either generally eroding (-1), generally stable (0), or 
generally accreting (+1).   
 
In cases where erosion or accretion is not evident, the area should be considered stable.  If erosion and 
accretion are both evident, but balanced, then the shoreline is considered stable.  Only score the area as 
eroding if >50% of the 20m is eroding, and only score it as accreting if >50% is accreting.  If mixed 
patterns occur and it is unclear how to score the transect point, use a tape measure to dissect the 20 m 
into 10 m subsections (with the middle set on the transect point), score each subsection, average the 
scores, and round to the nearest whole number (-1, 0, 1).  
 
After all transect points are surveyed (minimum of 3, ideally 5), average the scores.  These will range 
between -1 to +1.    
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Figure 6. Accretion and Erosion; marsh plants expanding from marsh edge towards 
water line, but clearly previous erosion behind with an undercut bank. 
 
 

Figure 7. Accretion; specifically of plants expanding onto foreshore. 
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  Scoring:Shoreline Erosion     

 Approximate  Shoreline Erosion  

Generally eroding (-1)/ Generally 
stable (0)/ Generally accreting 

(+1).    
 Transect 1   

 
Figure 8. Erosion; undercutting of banks leading to 
marsh slumping. 
 

Figure 9. Erosion; specifically cusping. 
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 Transect 2   
 Transect 3-Mid Point   
 Transect 4   
 Transect 5   

 Average   
  

 
 

 
 

Figure 10. Erosion. Exposure of peat. 
 
 
 

Figure 11. Exposure of erosion; peat and undercutting of banks. 
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Figure 13. Example of erosion, exposed roots. 
 
 

Figure 12. Example of erosion; terracing. 
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Figure 16. Typical vegetation zonation along the intertidal 
edge of a freshwater tidal wetland in the Delaware Estuary  

Figure 14. Evidence of water body expansion and landward marsh 
retreat can be found if structures are seen in the water that were 
formerly located within the marsh.  
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