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Executive	  Summary	  

The Eastern North Carolina/Southeastern Virginia Strategic Habitat Conservation Team 

(ENCSEVA) is a partnership among local federal agencies and programs with a mission to apply 

Strategic Habitat Conservation to accomplish priority landscape-level conservation within its 

geographic region. ENCSEVA seeks to further landscape-scale conservation through 

collaboration with local partners. To accomplish this mission, ENCSEVA is developing a 

comprehensive Strategic Habitat Conservation Plan (Plan) to provide guidance for its members, 

partners, and collaborators by establishing mutual conservation goals, objectives, strategies, and 

metrics to gauge the success of conservation efforts. Identifying common goals allows the 

ENCSEVA team to develop strategies that leverage joint resources and are more likely to 

achieve desired impacts across the landscape. The Plan will also provide an approach for 

ENCSEVA to meet applied research needs (identify knowledge gaps), foster adaptive 

management principles, identify conservation priorities, prioritize threats (including potential 

impacts of climate change), and identify the required capacity to implement strategies to create 

more resilient landscapes.  

ENCSEVA seeks to support the overarching goals of the South Atlantic Landscape 

Conservation Cooperative (SALCC) and to provide scientific and technical support for 

conservation at landscape scales as well as inform the management of natural resources in 

response to shifts in climate, habitat fragmentation and loss, and other landscape-level challenges 

(South Atlantic LCC 2012). The ENCSEVA ecoregion encompasses the northern third of the 

SALCC geography and offers a unique opportunity to apply landscape conservation at multiple 

scales through the guidance of local conservation and natural resource management efforts and 

by reporting metrics that reflect the effectiveness of those efforts (Figure 1). The Environmental 

Decision Analysis Team, housed within the North Carolina Cooperative Fish and Wildlife 

Research Unit at North Carolina State University, is assisting the ENCSEVA team in developing 

a scientifically sound basis for the Plan though the elicitation of expert knowledge and the 

organization of that knowledge using the Open Standards for the Practice of Conservation.  

The Open Standards for the Practice of Conservation is a framework that is well suited to 

incorporating decision-making tools such as Structured Decision Making and provides a multi-

step process to conceptually organize conservation projects in a manner that enhances the rigor 

and transparency of expert and knowledge-based plans. It helps define explicit pathways from 
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planned conservation activities and ultimate impact, as well as indicators to measure success 

(Stem et al. 2005). Specifically, the framework identifies conservation targets, key ecological 

attributes, threats, and associated indicators to monitor responses given the implementation of a 

conservation action (Conservation Measures Partnership 2007).  

This report serves to provide a scientific foundation for the Plan by summarizing the 

expert opinion of wildlife biologists, ecologists, hydrologists, researchers, natural resource 

managers, and conservation practitioners regarding five environments (wetlands, riverine 

systems, estuaries, uplands, and barrier islands) within the ENCSEVA geography. Specifically, 

this report describes (1) the approach to elicit expert knowledge meant to support the strategic 

plan, (2) how this knowledge can inform collaborative conservation planning, and (3) a summary 

of opportunities available for the ENCSEVA team to address threats and impacts associated with 

climate change within the ecoregion.  
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Figure 1. (A) The South Atlantic LCC geographic scope and (B) the ENCSEVA 
geographic scope including ecoregions as defined by Omernik Level Three Ecoregion 
of the continental United States. 
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Introduction	  

The need to monitor the success and impact of conservation work is well documented 

within the field of natural resources and conservation (Stem et al. 2005; Nichols and Williams 

2006) and is generally characterized under two approaches: status monitoring and effectiveness 

monitoring (Association of Fish and Wildlife Agencies 2011). Status monitoring evaluates the 

condition of species populations as well as the habitats and natural processes upon which they 

depend, while effectiveness monitoring assesses the success of conservation and management 

actions (Association of Fish and Wildlife Agencies 2011). Traditionally, fish and wildlife 

agencies have focused on status monitoring, but in recent years, there is a shift to also include 

monitoring effectiveness of management actions by adopting Strategic Habitat Conservation 

(U.S. Fish and Wildlife Service 2012). Strategic Habitat Conservation calls for stating specific 

population objectives and evaluating conservation actions to achieve those objectives, yet there 

is rarely enough knowledge (within a larger landscape context) to set appropriate population 

objectives (National Ecological Assessment Team 2006). Thus, fish and wildlife programs 

recognize a need to identify specific habitats, species, and ecosystems at a landscape-scale for 

conservation and management, as well as also identifying threats, developing strategies to reduce 

threats, and employing monitoring programs to evaluate effectiveness. 

The ENCSEVA partnership is based on past initiatives by the Fish and Wildlife Service 

to develop ecosystem-based management approaches for managing natural resources. In 1994, 

the Service advocated the organization of Ecosystem Teams to apply holistic landscape-scale 

approaches to conservation through increased coordination and leveraging of staff capacity and 

financial resources across Fish and Wildlife Service programs. Ecosystem Team geographies 

were based on aggregations of river basins. The Roanoke-Tar-Neuse-Cape Fear Ecosystem 

Team’s work area covered the Piedmont and Coastal Plain in North Carolina and Virginia (see 

Figure 2). Team membership included participants from Fish and Wildlife Service programs 

(Ecological Services, Fisheries, Migratory Birds and Fisheries as well as the U.S. Geological 

Survey’s Leetown Science Center).  
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Figure 2. The RTNCF ecosystem and ENCSEVA geography, which includes 11 
National Wildlife Refuges and two National Parks. 

In 2006 the Service adopted Strategic Habitat Conservation, a conservation approach 

based on the same adaptive management principles as Ecosystem Management, to serve as a new 
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business model. In 2008, the cross-program/multi-agency Roanoke-Tar-Neuse-Cape Fear 

Ecosystem Team formally adopted the Strategic Habitat Conservation framework and re-formed 

into the Eastern North Carolina, Southeastern Virginia Strategic Habitat Conservation Team 

(hereafter referred to as ENCSEVA). Since its origination, the ENCSEVA team has expanded its 

membership and capacity by defining itself as a collaboration of the Department of Interior 

agencies and conservation partnerships within its geographic extent. Current members include 

the U.S. Geological Survey’s North Carolina and Virginia Water Science centers, the Leetown 

Science Center, the North Carolina Cooperative Fish and Wildlife Research Unit housed at North 

Carolina State University, the National Park Service, as well as local Fish and Wildlife Service 

programs. The ENCSEVA ecoregion encompasses 11 National Wildlife Refuges and two 

National Parks, which collectively manage more than 556,000 acres. All ENCSEVA members 

share a common interest to collaboratively manage, protect, and conserve habitats to support 

fish, wildlife, and plants for public benefit (U.S. Fish and Wildlife Service 2012). 

ENCSEVA’s mission is to accomplish priority landscape-level conservation using the 

Strategic Habitat Conservation framework to (1) adaptively identify landscape conservation 

needs and priorities, (2) establish mutual conservation goals and objectives, (3) identify 

challenges and opportunities for Strategic Habitat Conservation implementation and develop 

remedies, (4) establish and foster partnerships to accomplish landscape-level conservation goals 

and objectives, and (5) implement strategies to accomplish mutual goals and objectives within 

the ecoregion (ENCSEVA team charter 2011). ENCSEVA seeks to develop a Strategic Habitat 

Conservation Plan (Plan) based on expert knowledge (e.g., biologists and natural resource 

managers working within the ENCSEVA ecoregion). Following principles of adaptive 

management and systematic conservation planning, this Plan will articulate clear choices about 

the targets chosen to represent the biodiversity of the region, state explicit goals that describe 

measurable impacts, and include a monitoring program that incorporates both status and 

effectiveness monitoring. Plan implementation will enable ENCSEVA to effectively assess the 

impact of management and conservation strategies for reducing threats and supporting specific 

targets and quantifiable target goals. The Plan will aid natural resource managers in prioritizing 

management actions and future research, as well as in leveraging resources across the 

conservation community.   
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Project	  Objectives	  and	  General	  Approach	  

The overall goal of this report is to provide a sound scientific foundation, which 

ENCSEVA may use to develop a Strategic Habitat Conservation Plan and facilitate 

implementation of science-based conservation actions within eastern North Carolina and 

southeastern Virginia. We summarize the expert opinion and respective knowledge of biologists, 

ecologists, researchers, and natural resource managers within the ecoregion, which will serve as 

the foundation for the Plan. We use the Open Standards for the Practice of Conservation 

(hereafter referred to as the Open Standards) as a framework to organize, analyze, and present 

this information (Figure 3). Throughout this document, unless otherwise noted, we employ the 

terminology of the Open Standards framework (Table 1). The Open Standards framework 

follows adaptive management principles, is compatible with Strategic Habitat Conservation, and 

provides a multi-step guide to conceptually organize conservation projects and develop explicit 

linkages between planned conservation activities to outcomes (Conservation Measures 

Partnership 2007; Margoluis et al. 2009).  

 

Figure 3. The Open 
Standards for the Practice of 
Conservation is a framework 
developed by the 
Conservation Measures 
Partnership, a collaboration of 
conservation organizations 
with a mission to identify best 
management practices to 
design, manage, and 
measure the impacts of their 
conservation actions. The 
Open Standards framework is 
five-step framework, rooted in 
adaptive management, and is 
compatible with other 
conservation planning and 
design frameworks such as 
Strategic Habitat 
Conservation (SHC). 

 

 

Conservation 
Measures 

Partnership
Open Standards

·∙ Develop work plan and 
timeline

·∙ Develop and refine budget
·∙ Implement plans

3. Implement Actions 
and Monitoring

·∙ Document learning
·∙ Share learning
·∙ Create learning environment

5. Capture and Share 
Learning

·∙ Define initial team
·∙ Define scope, vision, targets
·∙ Identify critical threats
·∙ Complete situation analysis

1. Conceptualize

2. Plan Actions and 
Monitoring

·∙ Develop goals, strategies, 
assumptions, and objectives
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Table 1. Common terms and definitions used within the Open Standards for the Practice 
of Conservation, the associated Miradi software, and this report (unless otherwise 
noted). 

Term Open Standards Definition 

Scope The thematic focus or geographic area of a project in which to concentrate 
efforts. 

Vision The desired state or condition meant to be achieved by a conservation 
action and which, if achieved, would also signify success. 

Conservation 
targets 

The specific species, ecological systems/habitats or ecological processes 
around which a project is focused. 

Goal A formal statement detailing a desired impact of a project. In conservation 
projects, it is the desired future status of a target.  

Direct threat An anthropogenic activity causing the destruction, degradation, and/or 
impairment of biodiversity and natural processes. 

Indirect threat A human-induced action or event that underlies or leads to one or more 
direct threats. 

Conceptual 
diagram 

A network representation of causal relationships between targets, threats, 
and strategies. 

Key Ecological 
Attributes (KEAs) 

The biological characteristics of or elements required by a target central to 
its success. 

Indicator A measurable entity related to a specific information need (for example, the 
status of a target, change in a threat, or progress towards an objective). A 
good indicator meets the criteria of being measurable, precise, consistent, 
and sensitive.  

Results chain A pathway from an action to target detailing expected intermediate and 
final outcomes with timeline and measures of success. 

Objective A formal statement detailing a desired and specific outcome of a strategy, 
such as reducing a critical threat, achieving goals, and supporting 
conservation targets. 

 

Specifically, we use the Open Standards framework to identify conservation targets, 

threats and strategies for five discrete environments: wetlands, riverine systems, estuarine 

systems, uplands, and barrier islands. The ENCSEVA core team selected these overarching 

ecosystems, or focal environments, as representative of the region’s full biodiversity. To 

generate a more detailed analysis of these ecosystems, we developed a unique approach for 

conservation planning using the Open Standards by treating each discrete environment as an 

individual project. This approach allows ENCSEVA to analyze these environments and their 
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contributions to the ecoregion’s biodiversity at a finer scale and identify potential partners 

working at the local level.  

For each focal environment, we facilitated no less than two workshops in which we 

elicited experts’ opinions regarding scope, vision, targets, threats to targets, and potential 

strategies. Information collected during workshops and through interviews was captured through 

the conservation planning software program Miradi. Miradi (Version 3.3.2), developed to 

support the Open Standards framework, guides the design of conceptual diagrams and generates 

tabular summaries, which together illustrate relationships between targets, direct threats, indirect 

threats, and strategies (Conservation Measures Partnership 2007; Margoluis et al. 2009). The 

development of conceptual models ensures transparency of knowledge, builds a common 

understanding of project context, and translates management assumptions into explicit testable 

hypotheses.  

Expert elicitations focused on the collection of information, which satisfy the first two 

steps of the Open Standards framework ([1]conceptualizing and [2] plan actions and 

monitoring). Experts identified a scope, vision, suite of conservation targets, threats to targets, 

and strategies to reduce threats and achieve target goals. We repeated this process independently 

for each environment. We include the results within the Conservation Portfolio section of this 

report. Below, we describe the process we followed to complete conservation planning for five 

focal environments following the first two steps outlined in the Open Standards framework. 

 
Scope and Vision 

Scope refers to a conservation project’s (or focal environment’s) geographic (or thematic) 

delineation or boundaries within which final outcomes will be measured (Foundations of Success 

2006). A vision statement is a brief and general statement that describes the ultimate desired 

condition for the project or habitat of interest and communicates the intended purpose for 

conservation actions to broader audiences (Foundations of Success 2012). To define the scope 

and vision, we presented draft statements to experts during initial workshops for specific 

environments. Experts responded to draft statements with suggestions and changes, which were 

captured in workshop notes. Statements were edited outside of workshops and sent to experts via 

electronic mail for review. During the second workshop for each environment, experts were 

asked to again review scope and vision statements.  
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Conservation Targets and Goals 

Conservation targets are specific species, ecosystems, habitats, or ecological processes 

that represent the biodiversity of a project, or for our purposes, focal environment (Conservation 

Measures Partnership 2007). Conservation targets serve as the basis to set goals, carry out 

conservation actions, and measure conservation impact (Conservation Measures Partnership 

2007). Following the Open Standards framework, we advised experts to identify eight or fewer 

conservation targets for each focal environment. Experts also identified “nested targets” or 

aspects of biodiversity linked to a conservation target but not specifically identified under that 

conservation target (TNCa 2007). Nested targets are species, ecological communities, or 

ecological system targets whose conservation needs are subsumed in one or more focal 

conservation targets.  

During follow-up workshops and interviews, we asked experts to define goals for each 

target to support quantitative statements relating to target condition. Goals serve as a benchmark 

with which to measure conservation success and the impact of conservation and management 

actions. Goals can represent the desired abundance, number, or percent area for a conservation 

target to persist within an ecoregion (TNC 2010) as well as track the condition or landscape 

context of a key resource upon which a target relies (V. Swaminathan, personal communication). 

Therefore, a good goal statement is measurable and time sensitive (Conservation Measures 

Partnership 2007).  

Within this report, we did not identify specific and measurable conservation target goals, 

but rather we characterize goals as broad qualitative statements. Defining more specific goals 

and dates of achievement is dependent upon the knowledge of a given conservation target’s 

current status as well as consensus among stakeholders regarding the metric by which to measure 

goals and the desired amount a goal represents for a target. Also, expert workshops were 

conducted within limited time frames and there was high uncertainty among participants 

regarding the identification of quantitative metrics for conservation targets. However, the 

qualitative goal statements within this report describe workshop participants’ opinions 

concerning the desired conditions for conservation targets and we provide guidance for 

developing quantitative goals and objectives within this report (see Developing Quantitative 

Goals for Targets section).  

 



 

11 
 

Key Ecological Attributes and Indicators  

Foundations of Success defines Key Ecological Attributes (KEAs) as the critical 

elements of a conservation target’s ecology that must be intact for that target to be considered 

healthy. In the context of ENCSEVA, KEAs represent the ecological resources and processes 

upon which conservation targets depend or system dynamics that drive a target’s natural 

variation over space and time (TNCb 2007). KEAs serve as proxy measurements for the viability 

of a conservation target and generally fall into three categories: size, condition, or landscape 

context. “Size” refers to the conservation target’s population size or the proportion of the 

geographic extent (scope) that the target occupies, while “condition” refers to the biological 

composition, structure, or biotic interactions that characterize a target’s occurrence (TNCb 

2007). Landscape context describes the ecological processes, regimes, or landscape connectivity 

that maintains the target’s occurrence (TNCb 2007). 

Indicators are measurements of KEAs, which in turn reflect the status of conservation 

targets. Criteria to identify suitable indicators include measurability, consistency, precision, and 

sensitivity to change. Establishing indicators forms the basis with which to develop monitoring 

plans and allows ENCSEVA members, as well as partners, to conduct status monitoring to 

evaluate the viability of conservation targets. Establishing common indicators (and common 

methods) supports status monitoring and allows monitoring data, collected by different partners 

and at different scales, to be aggregated in ways that can reveal a target’s status over the entire 

ecoregion. Indicators that measure the effectiveness of strategies (effectiveness monitoring) are 

presented in results chains (See Appendix D).  

 
Threats and Conceptual Diagrams 

The Open Standards framework categorizes threats as direct, indirect, or as biological 

stresses (Table 1). Direct threats are anthropogenic activities that cause a reduction, degradation, 

or elimination of one or more targets over time (if not addressed) and/or generate biological 

stresses for conservation targets. Indirect threats refer to drivers (social, political, economic, etc.) 

that cause direct threats to persist. A biological stress refers to the degradation of a conservation 

target’s biology or ecology as the result of a threat (Salafsky et al. 2007). Both direct and indirect 

threats can include events that occurred in the past (but still currently impact a target), are 

ongoing, or predicted to occur within the immediate future (Salafsky et al. 2007). For example, 
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experts identified fracking as an indirect threat that drives non-point source pollution, which is 

considered a direct threat (see Conservation Portfolio, Riverine Systems). While fracking does 

not occur at present within the ENCSEVA scope, it is expected to occur within five years.  

Relationships between conservation targets and threats are presented within conceptual 

diagrams. Conceptual diagrams, or models, provide visual representations of the relationships 

between conservation targets, threats, and strategies. They capture assumptions of how indirect 

and direct threats are expected to impact conservation targets as well as how strategies can be 

applied to mitigate threats and support target viability. Conceptual diagrams provide the 

foundations for strategic intervention design for each focal environment. The diagrams also 

provide a transparent and communicable tool allowing managers to analyze project context 

unique to the scale at which they work. 

 

Strategies and Results Chains  

We asked experts to identify strategies to reduce threats and support conservation targets 

for each focal environment. During workshops, experts listed potential strategies and engaged in 

discussion about how strategies were expected to support targets and/or reduce threats. Outside 

of workshops experts ranked strategies using a ranking system provided in Miradi. Experts 

ranked strategies based on their expected impact and feasibility of implementation. Strategies 

were then translated into results chains, which are visual diagrams outlining expert assumptions 

of how strategies will achieve a desired impact (Foundations of Success 2007). Results chains 

link strategies to expected outcomes and include time sensitive objectives that allow 

conservation practitioners to gauge the effectiveness of strategies as they are being implemented 

(Foundations of Success 2007).  

Results chains ensure transparency and facilitate adaptive management by detailing 

outcomes in an explicit theory of change. Thus, results chains illustrate and provide guidance for 

strategic implementation and support the development of monitoring programs. By articulating 

expected outcomes within results chains, strategic progress can be evaluated and support the 

learning cycle of adaptive management. The strategies and associated results chains presented 

within this report will support ENCSEVA’s selection of a suite of management options that can 

be further refined within their strategic Plan.  

Addressing Climate Change 
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Climate change will likely effect conservation targets across all environments. Responses 

to climate change may manifest as threats (direct or indirect) such as sea level rise, salt-water 

intrusion, drought, or high-intensity wildfires. These threats, as well as shifting habitats, present 

unique challenges to natural resource management; therefore, managers must develop adaptive 

and dynamic conservation strategies that can identify and act upon changes across spatial and 

temporal scales (DeWan et al. 2010) as well as increase the adaptive capacity and resilience of 

conservation targets across the ENCSEVA ecoregion. As a result, the use of climate change 

vulnerability assessments that predict how climate change impacts will affect conservation 

targets and the extent of those impacts is necessary.  

The North Carolina Natural Heritage Program (NCNHP) developed ecosystem and 

species vulnerability assessments in 2010 to identify potential strategies to address impacts of 

climate change within the state (NC Natural Heritage Program 2010). We compared the 

NCNHP’s climate change vulnerability assessments methodology to guidelines described within 

the National Wildlife Federation’s “Scanning the Conservation Horizon: A Guide to Climate 

Change Vulnerability Assessment” (Glick et al. 2011). We found the NCNHP’s assessments 

included relevant geographic extents and appropriate modeling components to inform the 

ENCSEVA strategic comprehensive conservation plan.  

Our primary objective was to identify knowledge gaps and prioritize further research, 

rather than complete a full vulnerability assessment specific to ENCSEVA targets. The NCNHP 

assessments address the sensitivity and exposure components of the National Wildlife 

Federation’s guide by categorizing the “effect” and “magnitude” for both climate change factors 

and ecosystem response (Glick et al. 2011; NC Natural Heritage Program 2010). The effects of 

both climate change factors and ecosystem response are categorized as negative, mixed, positive, 

or uncertain. The magnitudes of both climate change and ecosystem response are categorized as 

high, medium, low, or uncertain. The NCNHP assessments also identify specific threats 

associated with climate change and offer mitigation and adaption strategies to increase the 

resiliency of the ecosystems. 

We crosswalked the NCNHP assessments with conservation targets, as appropriate, for 

each focal environment, and we provide summaries for predicted impacts to conservation targets 

(climate change factor, the likelihood, effect, and magnitude) and the predicted ecosystem 

response (see Appendix A). Based on the crosswalk, we also identified threats exacerbated or 
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caused by climate change as well as potential strategies (or interventions) to address those threats 

and increase adaptive capacity as described within the assessments. Thus, this report includes 

two threat and strategy analyses which represent both the findings of climate change 

vulnerability assessments and the expert opinions of workshop participants using the Open 

Standards framework. These analyses are included within the Conservation Portfolio section of 

this report, but we note that we neither aggregate nor compare the results of these different 

analyses. We provide definitions of climate change terminology in Table 2 and a crosswalk of 

terminologies and definitions of NCNHP assessment terms in Table 3. Further information about 

threat and strategy rankings is provided within Appendices B and C. 

 
Table 2. Climate change terminology as defined by DeWan and others (2010). 

Term Definitions 

Vulnerability  The degree to which an ecological community or individual species is likely 
to experience harm due to exposure to perturbations or stresses. Species or 
ecosystem vulnerability to climate change is a function of three variables: 
exposure, sensitivity, and adaptive capacity.  

Exposure  The degree to which a system or species is exposed to climate change and 
variability and relates to short-term or long-term degree of climate stress in a 
particular region.  

Sensitivity  The measure of how a species or ecosystem responds or changes in relation 
to climatic conditions.  

Adaptive 
capacity  

The intrinsic ability of organisms to adapt to changing conditions and to 
respond to these changes, as well as the strategies that practitioners 
implement to help the species or system adapt.  
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Table 3. Open Standards terms crosswalked with NCNHP terms and definitions. 

Open Standards 
Term NCNHP Term NCNHP Definition of Terms 

Threat Threat Broad category of threats as a whole. Where climate 
change is given as a threat, it represents all the factors 
and aspects of climate change identified for the 
ecosystem assessment. Other threats represent 
threats that already exist or that will occur with or 
without climate change. 

 Threat priority Rough order of importance of the identified threats. 
Threats with roughly equal importance are given the 
same rank value.  

Strategy Intervention Also known as adaptation strategies, interventions 
represent a broad category of actions or adaptation 
strategies that can be taken to reduce or mitigate the 
impact of climate change. The specific nature of the 
intervention may vary among assessments. 

 Intervention 
importance  

Importance of the intervention to the future survival or 
condition of the ecosystem assessment as a whole, 
given expected changes in the climate. Intervention 
importance ratings are as follows:  
• “High” indicates the intervention is essential to 

reduce or mitigate the expected impacts. 
• “Medium” (“Med”) indicates the intervention is 

moderately essential, but will reduce or mitigate the 
expected impacts to a lesser degree. 

• “Low” indicates the intervention will help reduce or 
mitigate expected impacts, but to a relatively small 
degree. 

• “Uncertain” indicates the importance of the 
intervention is not predictable. 

 Intervention 
feasibility  

Ease with which the intervention could be 
implemented, including technical feasibility, cost, and 
likely opposition. Intervention importance ratings are as 
follows: 
• “High” indicates the intervention could readily be 

implemented, given an achievable level of funding 
and public support. 

• “Medium” (“Med”) indicates the intervention could be 
implemented, but implementation would be difficult 
for technical or practical reasons, or would be 
expensive relative to other interventions.  

• “Low” indicates the intervention would be very 
difficult to implement even with substantial funding 
and support. 

 



 

16 
 

Methods	  

Research was conducted between January 2012 and March 2013 through a series of 

webinars, elicitation workshops, and informal interviews. ENCSEVA team members identified 

and invited experts to participate in webinars and workshops to review draft materials. 

Foundations of Success, a non-profit organization with a mission to help conservation 

practitioners learn how to improve conservation through the process of adaptive management 

(Foundations of Success 2012), facilitated a series of webinars, which focused on wetland 

environments. During these webinars, experts were guided through the Open Standards process 

to develop targets, threats, and strategies. We (the Environmental Decision Analysis Team) 

facilitated an additional expert elicitation workshop to identify KEAs and indicators for wetland 

conservation targets and led the elicitation for all remaining environments using workshops, 

interviews, and outside reviews (see Appendix F for list of workshop participants and reviewers). 

Expert knowledge collected through workshops served to identify the scope for habitats (if 

different from ENCSEVA geography), visions of success for each habitat, finite conservation 

targets for specific environments, KEAs of those targets as well as indicators, threats, and 

descriptions of how strategies will impact targets.  

We facilitated two workshops for all focal environments with the exception of the 

wetlands systems. Before the initial workshop we reviewed published regional conservation 

plans, initiatives, and literature relating to the focal environment in order to identify any pertinent 

information to use to help guide expert discussion. During the initial workshops experts were 

asked to identify a scope, vision statement, a suite of conservation targets, KEAs, and threats to 

conservation targets through brainstorming sessions. After the initial workshop we used 

workshop notes to clearly define conservation targets and KEAs. We also analyzed and 

categorized threats as direct, indirect, or as biological stresses and presented these analyses as 

well as conservation targets and KEAs to experts via electronic mail for review. Based on expert 

responses, we edited the analyses accordingly. 

During secondary workshops we presented updated analyses to experts with the objective 

of reaching agreements among experts that the information represented their knowledge and 

comments. We then facilitated and calculated threat ratings using Miradi’s simple threat-ranking 

mode which assigned a score based on three attributes: scope, severity, and the irreversibility of 

threat impacts. Based on these three criteria, threats scored as Very High, High, Medium, and 
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Low (for more information about threat ranking see Appendix B). Experts ranked threats through 

consensus based on these attributes during workshops.  

After ranking threats, the experts were asked to list potential strategies that might reduce 

a threat or support conservation targets. Due to workshop time constraints, we used workshop 

notes to develop results chains outside of workshops (see Appendix D). We then sent strategies 

and results chains to experts via electronic mail and invited experts to participate on a conference 

call to review and comment on results chains and then rank the strategy based on its expected 

impact and feasibility. (For more information about strategic ranking see Appendix C.)  

Specifically, experts were asked to come to consensus concerning the expected impact of a 

strategy (Very High, High, Medium, Low) and its feasibility (Very High, High, Medium, Low). 

Based on expert rankings within these categories, Miradi calculated the overall strategic ranking 

(Very Effective, Effective, Less Effective, Not Effective).  

To address climate change, we reviewed the NCNHP vulnerability assessments and 

compared the methodology of those assessments to guidance provided by the National Wildlife 

Federation. We then crosswalked those assessments with wetland conservation targets selected 

through expert elicitations. These results are presented in the Conservation Portfolio section of 

this report. 

 

Conservation	  Portfolio	  

Within this section, we present the results of elicitation workshops, informal interviews, and 

personal communications with experts. Below, we provide brief descriptions of each focal 

environment and the contribution of each environment to overall ecoregional biodiversity as well 

as conservation targets, goals, threats to conservation targets, and potential strategies to alleviate 

those threats. We also present conceptual diagrams, which illustrate the relationship between 

threats and conservation targets for each focal environment. Results from climate change 

vulnerability assessments crosswalked with conservation targets are included as well. Further 

information pertaining to threats, KEAs, indicators, strategies, and results chains are provided 

within the Appendices as well as workshop agendas, notes, and expert participants.  

Vision statements for each environment include assumptions regarding the terms 

“sustainable,” “resilient,” and “native.”  The term “sustainable” refers to the concept of 

environmental sustainability (Goodland 1995; Goodland and Daly 1996). Within this report, we 
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use the term sustainability to refer to the environmental state or conditions that reflect the ability 

of a habitat or species to sustain itself indefinitely while also allowing for appropriate human 

uses. The term “resilient” refers to the ability of a system, habitat, or species to experience 

abiotic and biotic changes and persist (Holling 1973; Peterson et al. 1998). This return is 

characteristic of ecosystems in a state of equilibrium, although some ecosystems within the 

ENCSEVA geography are in disequilibrium and resilience is marked by the return to the original 

trajectory that would have occurred in absence of the perturbation (D. Carpenter, personal 

communication). The term “native” reflects species naturally associated with and/or endemic to a 

habitat or system rather than having been introduced directly or indirectly by humans. However, 

experts acknowledge native populations are dynamic and subject to change, especially given 

changes in climate which may influence species’ range, distribution, and dispersal. Therefore, 

experts include species whose ranges will shift naturally into the ENCSEVA ecoregion and 

acknowledge other species may shift out of the ecoregion given time and changes in climate as 

well as endemic species. We present the scope and vision statement for each focal environment 

in Table 4. 
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Table 4. Scope and vision statement(s) for the ENCSEVA ecoregion and specific focal 
environments. 

Environment Scope Vision 

ENCSEVA 
ecoregion 

Portions of the Coastal Plain and 
Piedmont physiographic regions 
and marine habitats, as 
appropriate, located within 
eastern North Carolina and 
southeastern Virginia.  

A network of public and private lands and 
waters that sustain resilient populations of 
priority fish, wildlife, and plants, and the 
habitats on which they depend, for the 
benefit and appreciation of current and 
future generations. 

Wetlands Wetland complexes within the 
ENCSEVA ecoregion. 

A network of functional wetlands across 
the landscape that supports a diversity of 
viable native flora and fauna populations, 
while providing the ecosystem service of 
sustaining water quality for the benefit of 
present and future wildlife and human 
health. 

Riverine Active River Areas (ARA) within 
the ENCSEVA eco-region. 

Active River Areas supporting healthy and 
resilient ecosystems, characterized by 
native flora and fauna, and capable of 
providing relevant ecosystem services for 
the benefit of current and future 
generations. 

Estuarine Estuaries within the ENCSEVA 
ecoregion. 

Estuarine habitats supporting diverse 
ecological communities as well as 
compatible recreational and commercial 
activities. 

Uplands Uplands within the ENCSEVA 
ecoregion. 

A functional network of high quality upland 
habitats that represent the natural 
biodiversity of the landscape, characterized 
by intact disturbance processes which 
encourage dynamic and resilient ecological 
communities, and that support compatible 
human uses. 

Barrier islands Barrier island complexes within 
the ENCSEVA ecoregion. 

Barrier island systems with natural 
geomorphology processes which support 
natural fauna and flora abundance and 
diversity as well as compatible human 
uses. 

 

1. Wetlands	  
The southeastern Coastal Plain is characterized by a high diversity of freshwater wetlands 

(Sutter and Kral 1994; Russell et al. 2002). However, wetland habitats within the southeast, 
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especially smaller, isolated wetland complexes, have experienced a decline due to intense urban 

and agricultural expansion (Cubbage and Flather 1993; Russell et al. 2002). Although federal 

policies and regulations are in place to support the preservation of wetlands, they do not apply to 

smaller wetland complexes (<1.2 ha) and there is also less protection for wetlands that are not 

connected by a nexus or adjacent waterways (e.g., isolated wetlands) (EPA 2008). Given the lack 

of adequate protection and regulatory mechanisms, it is likely these smaller wetland complexes, 

which contribute to biodiversity, will continue to decline (Semlitsch and Bodie 1998).  

 
Figure 4. Wetland conservation targets which occur across the ENCSEVA ecoregion as 
predicted by GAP data (2007).  
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The ENCSEVA geography encompasses both small and large wetland complexes (Figure 

4). Examples of large wetlands include the Alligator River, Pocosin Lakes, and Back Bay 

national wildlife refuges. These wetlands support rare and unique fauna and flora assemblages 

such as pitcher plants, red-cockaded woodpeckers (Picoides borealis), and red wolves (Canis 

rufus) while also providing a host of ecosystem services including carbon sequestration and 

water purification (Kimmel and Mander 2010). The matrix of smaller wetlands also contributes 

to wetland-dependent species’ metapopulations and serves to facilitate dispersal and migration if 

located within appropriate distances (Semlitsch and Bodie 1998; Gibbs 2000).  

 

Wetland	  Conservation	  Targets	  and	  Goals	  
Experts identified six conservation targets for wetlands environments: wet pine savannas, 

isolated ephemeral wetlands, non-riverine swamps, peatland pocosins, freshwater marshes, and 

natural lakes and lakeshores. These habitat-based targets represent the biodiversity of wetland 

systems, although some of these targets are also associated with riverine and estuarine systems. 

Conserving and managing these habitats is critical in order to support important amphibian, 

reptile, and bird populations associated with these habitats. Experts identified a common goal for 

all wetland conservation targets: to maintain and restore each target to the extent it is able to 

support viable populations of appropriate flora and fauna (e.g., unique plant assemblages, 

savanna bird populations, endemic amphibians, and reptiles). 
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Wetland Conservation Targets Goals 
1.1 Wet pine savannas occur on mineral soils mostly in the lower Coastal 

Plain with some occurrence in the Sandhills region and characterized as 
wet, open canopy areas dominated with herbaceous vegetation with few 
shrubs. These habitats are saturated part of the year and are dependent 
on a frequent fire regime to maintain characteristics.  

A. Adequate amounts of protected wet pine savanna habitats to 
support target flora and fauna populations. 

B. Wet pine habitats which support natural hydrologies. Can 
include restored sites where drainage ditches are removed/ 
plugged.  

1.2 Isolated ephemeral wetlands are seasonally ponded, shallow 
depressions with hydrology driven by groundwater and/or rainfall. This 
target includes Carolina bays, cypress ponds, vernal pools, and sinkhole 
ponds. Ideal target distribution is a complex of seasonally flooded ponds 
within proximity which provides a diversity of habitat alternatives for 
reptiles, amphibians, and other dependent species. 

A. Preserve ephemeral wetlands currently without protection that 
sustain all existing, viable populations of all amphibians. 

1.3 Non-Riverine swamps are freshwater wetland forests occurring on poorly 
drained, mineral soils on broad inter-stream flats. Not associated with 
rivers or lakes, this target’s hydrology is influenced by rainfall, 
groundwater, and/or sheetflow. These habitats are typically dominated by 
hardwoods but can include Atlantic white cedar and cypress gum. 

A. Increase existing acres of the various swamp forest types with 
an emphasis on declining species such as white cedar and 
gum-cypress swamp forest habitats. 

1.4 Peatland pocosins are shrub-dominated, nutrient-wetlands generally 
occurring on peat or mineral soils on the outer terraces of the Atlantic 
Coastal Plain. Pocosins are typically categorized as short or tall 
depending on depth of peat, fire regime, and resulting vegetative 
structure. Herbaceous vegetation is scarce and largely limited to small 
open patches. Hydrology is primarily driven by rainfall and occurs on 
broad flats or gentle basins. This target includes Atlantic white cedar as a 
nested target. 

A. Maintain existing conserved/protected peatland communities 
to: support native habitats and fully functioning healthy 
ecosystem, serve as chemical sponges over geological time to 
maximize carbon/nitrogen sequestration and metal retention; 
mimic natural hydrologic regimes for peat accumulation and to 
reduce catastrophic ground fires; and perpetuate native, fire 
adapted plant communities and the wildlife species that inhabit 
these unique habitats. 

B. Increase the conservation of peatland pocosins through 
acquisition/protection. 

1.5 Freshwater marshes include tidal and non-tidal wetlands frequently or 
continually inundated with periodic/continual flooding and characterized 
by soft-stemmed vegetation such as herbaceous vegetation, grasses, 
sedges, and aquatic emergent plants and typically lack a tall tree canopy. 

A. Protect all freshwater marshes currently without protection to 
support viable populations of amphibians. 

1.6 Natural lakes and lakeshores are large bodies of open water formed by 
natural processes (including deep water systems) and are characterized 
by natural vegetated shoreline. Within the project scope, this target 
occurs solely within the Coastal Plain. 

 

A. Manage/maintain all nutrient, water chemistry, sediment levels, 
and amounts of inflow/outflow in natural lake systems to be 
within acceptable levels. 

B. Manage/maintain aquatic vegetation percent coverage within 
acceptable limits (at least 75 percent of aquatic vegetation 
comprised of preferred species) as well as maintaining water 
depths within desired ranges. 
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Threats	  to	  Wetlands	  Conservation	  Targets	  
Experts identified 13 direct threats to conservation targets. The overall project rating for 

threats is high. The threats “invasive and exotic species” and “ditches and drains” both received a 

high summary threat rating while all other threats received a medium rating (Table 5). The threat 

“invasive and exotic species” rated high for its impact to four targets (wet pine savannas, non-

riverine swamps, freshwater marshes, and natural lakes and lakeshores) while the threat “ditches 

and drains” rated high threat for its impact to three targets (freshwater marsh, peatland pocosins, 

and non-riverine swamps). “Point source pollution” and “logging” received low summary threat 

ratings. Four conservation targets received high summary threat ratings: freshwater marshes, 

peatland pocosins, non-riverine swamps, and wet pine savannas. The relationships between 

targets, direct threats, and indirect threats are represented in Figures 5A, 5B, and 5C. 

The NCNHP vulnerability assessments identify 12 threats, or synergistic impacts 

associated with climate change, to ecosystems crosswalked with wetland conservation targets 

(Table 6). Climate change (n=8) and conversion to agriculture/sivilculture (n=5) are the most 

common threat to all assessments while development was the most frequently ranked as the 

highest priority (most important threat to address). Other threats ranked as high priority include 

conversion to agricultural and/or silviculture, fire, logging and exploitation, flood regime 

alteration, beaver eradication, pollution, and climate change. 
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Table 5. Wetland direct threats, threat ratings, and biological stresses. 

Direct Threats Biological Stress 

Conservation Targets 

Freshwater 
Marsh Peatlands 

Natural 
Lakes & 
Lakeshores 

Non-
Riverine 
Swamps 

Isolated 
Ephemeral 
Wetlands 

Wet Pine 
Savanna 

Summary 
Threat 
Rating 

Invasives/exotics  -‐ Predation and competition 
-‐ Habitat degradation 

High Medium High High Low High High 

Ditches /drains  -‐ Altered hydrology High High Medium High Medium Medium High 

Non-point source pollution 
(Agricultural and 
stormwater runoff) 

-‐ Reduced water quality 
  

Low Low Medium Medium Low Low Medium 

Fire exclusion  -‐ Habitat degradation Low Medium   Medium Medium Medium 

Wildfires worsened by 
human actions  

-‐ Habitat degradation  High  Low   Medium 

Conversion to tree 
plantation  

-‐ Habitat loss Low Medium  Low Medium High Medium 

Aerial emissions from 
poultry farms and smoke 
stacks  

-‐ Habitat degradation  
-‐ Spread of ammonia 

Low Medium Medium Low Low Low Medium 

Mining    Low High  Medium Low  Medium 

Transportation and utility 
corridor construction and 
maintenance  

-‐ Habitat loss Low Low Medium Medium Low Low Medium 

Filling  -‐ Habitat loss Low Medium Low Medium Medium Low Medium 

Conversion to agriculture  -‐ Habitat loss Low High  Medium Medium Low Medium 

Point source pollution -‐ Habitat degradation 
-‐ Reduced water quality 

Low   Low   Low 

Logging  -‐ Habitat degradation  Low  Medium Low Low Low 

Summary Target Ratings    High High Medium High Medium High High 
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Table 6. NCNHP combined threats and synergistic impacts to wetland conservation 
targets. 

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Combined Threats and Synergistic Impacts Priority 

Wet pine savanna 
  

Wet pine 
savanna 
  
  
  
  

Development 1 

Conversion to agriculture/silviculture 2 

Logging/exploitation 2 

Fire 3 

Climate change 4 

Isolated ephemeral 
wetlands 
  
  
  
  
  
  
  
  
  

Coastal Plain 
depression 
communities 

Development 1 

Conversion to agriculture/silviculture 1 

Fire 1 

Climate change 2 

Groundwater depletion 2 

Piedmont upland 
pools and 
depressions 
  

Logging/exploitation 1 

Development 1 

Climate change 2 

Flood regime alteration 3 

Invasive species 3 

Non-riverine Wetlands Coastal plain 
non-alluvial 
mineral wetlands 

Climate change 1 

Flood regime alteration 1 

Logging/Exploitation 1 

Invasive species 2 

Conversion to agriculture/silviculture 2 

Peatlands 
  

Peatland 
pocosins 
  

Logging/exploitation 1 

Flood regime alteration 2 

Fire 3 

Conversion to agriculture/silviculture 3 

Climate change 4 

Freshwater marshes Freshwater tidal 
wetlands 

Climate change 1 

Invasive species 2 

Logging/exploitation 3 

Fire 3 

Flood regime alteration 4 
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Table 6. NCNHP combined threats and synergistic impacts to wetland conservation 
targets (continued). 

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Combined Threats and Synergistic Impacts Priority 

Freshwater marshes 
  
  
  

Successional 
wetlands 

Beaver eradication 1 

Impoundments 2 

Conversion to agriculture/silviculture 2 

Water withdrawals 3 

Flood regime alteration 3 

Climate change 3 

Natural lakes and 
lakeshores 
  
  
  
  
  

Natural lake 
communities 
  

Pollution 1 

Development  1 

Invasive species 2 

Impoundments 3 

Logging/exploitation 4 

Climate change 4 
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Figure 5A. Wetlands conceptual diagram representing wetland conservation targets, direct threats (pink boxes), indirect 
threats (orange rectangles), and strategies (yellow hexagons). 
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Figure 5B. Subset of full wetlands conceptual diagram (full diagram shown in 
diagram key) depicting target (green oval), direct threats (pink rectangles), 
indirect threats (orange rectangles), and strategies (yellow hexagons). 
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Figure 5C. Subset of full wetlands conceptual diagram (full diagram 
shown in diagram key) depicting target (green oval), direct threats (pink 
rectangles), indirect threats (orange rectangles), and strategies (yellow 
hexagons). 
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Strategies	  for	  Wetland	  Conservation	  Targets	  	  
Experts identified nine strategies for wetland environments (Table 7). Four strategies — 

“educate public on strategic habitat conservation,” “establish cooperative invasive species 

partnerships,” “prioritize invasives and control mechanisms,” and “public outreach to restore 

connection with natural areas and wildlife communities,” — were identified as effective and five 

strategies were identified as less effective. All strategies with the exception of “improve cross-

sectoral collaboration and involvement of conservation agencies” ranked as high or very high for 

potential impact.  

The NCNHP vulnerability assessments identify 12 interventions to mitigate threats 

associated with climate change or increase resiliency in wetland systems (Table 8). The most 

common interventions are “restore/maintain hydrology” (n=7) and “protect/expand remaining 

examples” (n=7). The interventions “preservation of riparian buffers and floodplains,” “restore 

and maintain hydrology,” “protect keystone species,” and “protect/expand remaining examples 

of targets” ranked high in both importance and feasibility.  
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Table 7. Wetland strategies and strategic rankings. Strategies are numbered to 
correspond with associated results chains (see Appendix D). 

Strategy Targets Impacted 
Strategy Rankings 
Potential Impact Feasibility Overall Ranking 

1.1 Acquisition and/or 
conservation on 
critical lands 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatland pocosins 
-Freshwater marsh 

Very High Medium Less Effective 

1.2 Educate public on 
strategic habitat 
conservation 
(considering 
climate change) 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatland pocosins 
-Freshwater marsh 
-Natural lakes and lakeshores 

High High Effective 

1.3 Establish 
cooperative 
invasive species 
partnerships 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatland pocosins 
-Freshwater marsh 
-Natural lakes and lakeshores 

High High Effective 

1.4 Improve cross-
sectoral 
collaboration and 
involvement of 
conservation 
agencies 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatland pocosins 
-Freshwater marsh 
-Natural lakes and lakeshores 

Medium High Less Effective 

1.5 Prioritize invasives 
and control 
mechanisms 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatland pocosins 
-Freshwater marsh 
-Natural lakes and lakeshores 

High Very High Effective 

1.6 Restore/enhance 
wetlands and 
natural hydrology 
(also considering 
climate change) 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatland pocosins 
-Freshwater marsh 

Very High Medium Less Effective 

1.7 Promote 
ecologically 
sensitive land use 
planning at the 
local (city/county) 
level 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatland pocosins 
-Freshwater marsh 
-Natural lakes and lakeshores 

High Medium Less Effective 

1.8 Promote fire 
management as 
land use tool 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatland pocosins 
-Freshwater marsh 

Very High Medium Less Effective 

Table 7. Wetland conservation target strategies and strategic rankings (continued).  



 

32 
 

Strategy Targets Impacted 

Strategy Rankings 
Potential Impact Feasibility Overall Ranking 

1.9 Public outreach to 
restore connection 
with natural areas 
and wildlife 
communities 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatlands 
-Freshwater marsh 

High High Effective 
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Table 8. NCNHP strategies to address climate change crosswalked with wetland 
conservation targets. 

Conservation 
Target 

NCNHP 
Assessment Intervention Importance Feasibility 

Wet pine 
savanna 

Wet pine 
savanna 

Restore/maintain hydrology Med High 

Restore/maintain landscape connections Med Med 

Control invasive species High High 

Conduct prescribed burns High High 

Protect/expand remaining examples High High 

Isolated 
ephemeral 
wetlands 

Coastal Plain 
depression 
communities 

Restore/maintain hydrology High Med 

Restore/maintain landscape connections Med Med 

Control invasive species High Med 

Conduct prescribed burns High High 

Protect/expand remaining examples High High 

Piedmont upland 
pools and 
depressions 

Restore/maintain hydrology Med High 

Restore/maintain landscape connections High Med 

Protect/expand remaining examples High High 

Non-riverine 
wetlands 

Coastal Plain 
non-alluvial 
mineralwetlands 

Control invasive species High Med 

Protect/expand remaining examples High High 

Restore/maintain hydrology High High 

Peatland 
pocosins 

Peatland 
Pocosins 

Protect/expand remaining examples Med High 

Conduct prescribed burns High Med 

Restore/maintain hydrology High High 

Freshwater 
marshes 

Freshwater tidal 
wetlands 

Control invasive species High Med 

Conduct prescribed burns Med High 

Allow barrier islands to migrate Med  

Protect/expand remaining examples High High 

Restore/maintain hydrology High High 

Successional 
wetlands  

Protect keystone species High High 

Reduce groundwater extraction High Med 

Preservation of riparian buffers/floodplains High High 

Natural lakes 
and 
lakeshores 

Natural lake 
communities 

Species reintroduction/augmentation Low High 

Restore/maintain hydrology Med High 

Preservation of riparian buffers/floodplains High Med 

Limit impervious surfaces Med Low 

Protect/expand remaining examples Med High 

Eliminate/prevent pollution High Med 

Control invasive species High Med 
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2. Riverine	  Systems	  	  
The ENCSEVA ecoregion encompasses six major river basins (HUC 8) as defined by the 

USGS: the Albemarle-Chowan, Tar-Pamlico, Neuse, White Oak, Cape Fear, and the Roanoke 

(see Fig 6). Within these basins lie some of the most diverse freshwater systems within the 

United States (Abell et al. 2000), which support important resources for eight diadromous fish 

species as well as many freshwater mussels and crayfish. Beyond biodiversity, riverine systems 

support a wide array of ecosystem services including drinking water, irrigation, commercial 

fisheries, and aquaculture. Empirical evidence indicates declines in biodiversity within riverine 

systems are greater than those associated with terrestrial ecosystems (Dudgeon et al. 2006; 

Williams et al. 1992). In North Carolina alone, 50 percent of endemic freshwater mussels are 

designated Endangered, Threatened, or Special Concern (NC Wildlife Resources Commission 

2010). In Virginia, 70 percent of the 82 species found in the Commonwealth are considered in 

decline (VA Department of Game and Inland Fisheries 2012). Given the importance of riverine 

systems, there is a need for a regionwide conservation plan to support the protection, restoration, 

and management of priority, freshwater resources. 

There is a complex relationship between riverine systems and upland habitats, which can 

complicate spatially defining riverine systems (scope). Based on suggestions made within expert 

elicitation workshops, within this report we adopt The Nature Conservancy’s definition of the 

active river area (ARA). The ARA is the spatially explicit area that encompasses the 

relationships between rivers and the lands that interact with those rivers through complex and 

dynamic processes (Smith et al. 2008). The ARA for the ENCSEVA ecoregion is spatially 

defined and available within the report Protecting North Carolina’s freshwater resources: A 

state-wide assessment of biodiversity, condition, and opportunity released by The Nature 

Conservancy in 2012. This report assesses North Carolina’s freshwater resources and provides a 

statewide map of the active river area. While there is not yet a freshwater assessment for 

Virginia, information provided within the North Carolina assessment does include the 

Albemarle-Chowan and Roanoke basins (the southeastern portion of Virginia included in the 

ENCSEVA ecoregion). For the purposes of this report, we provide a map of rivers and 

floodplain forests as identified by Gap Analysis Program data (GAP 2011) but note that the ARA 

for the ENCSEVA ecoregion is available within the report released by The Nature Conservancy 

and provides a more detailed geographic reference and potential spatial analyses. 
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Figure 6. Forested riparian corridors across the ENCSEVA ecoregion as predicted by 
GAP data. 

Riverine	  Conservation	  Targets	  and	  Goals	  
Experts identified four conservation targets that represent a mix of habitat and species 

targets: diadromous fish, resident aquatic species, headwater streams, and riparian forested 

corridors. The conservation and management of these targets support biodiversity throughout the 

ecoregion as well as the provision of ecosystem services (e.g., clean drinking water). 
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Riverine Conservation Targets Goals 

2.1 Diadromous fish include American shad (Alosa sapidissima), hickory 
shad (Alosa mediocris), blueback herring (Alosa aestivalis), alewife 
(Alosa pseudoharengus), striped bass (Morone saxatilis), Atlantic 
sturgeon (Acipenser oxyrinchus), shortnose sturgeon (Acipenser 
brevirostrum), and American eel (Anguilla rostrata). This target also 
includes habitat conditions critical for these species to meet life cycle 
requirements. 

A. Restore hydrologic connectivity (quantifiable amount of river 
miles by basin) to provide high quality habitat for diadromous 
fish and allow the species to reach critical habitat for life 
cycles. 

B. Maintain stream flows (within prioritized streams) that mimic 
historic trends in terms of duration, magnitude and timing as 
indicated by IHA statistics and predictive models. 

C. Increase and maintain diadromous fish populations at levels 
suitable for sustaining recreational, cultural, and commercial 
uses. 

2.2 Resident aquatic species describe the native species within ecoregion 
reliant on aquatic habitats or habitats provided by the active river area. 

 

A. Increase and maintain intact riparian buffers characterized by 
appropriate vegetation to support the macro-invertebrate 
diversity, stream inputs, and stream temperature. 

B. Maintain the biodiversity of resident aquatic species.  
2.3 Headwater streams are defined as the smallest originating source of flow 

and typically include first or second order streams (or smaller) and 
intermittent streams. Headwater streams are hydrologically driven by 
natural precipitation, groundwater, or natural sheet flow and provide 
water, sediment, and wood (material contribution areas) to downstream 
rivers as well as serving as critical habitat for specialized aquatic species 

A. Protect and/or restore priority (linear feet) headwater streams 
and associated riparian buffers. 

2.4 Riparian forested corridors describe the structure and composition of 
native riparian vegetation which provide bank stability, filtration, thermal 
contribution, and nutrient inputs to riverine systems. This target serves 
as habitat for terrestrial species dependent on the riparian zone, as well 
as migration and dispersal corridors. This target includes bottomland 
hardwood forests as a nested target. 

 

A. Increase the amount of contiguous riparian forested 
communities (goals developed for each watershed within 
ecoregion) 

B. Manage the vegetative structure and composition necessary 
to sustain biological diversity and to allow corridors to 
contribute to the thermal dynamics and nutrient inputs of 
stream communities, stream bank stabilization, and filtration. 

C. Maintain hydrologic flows which support the hydrologic 
connectivity within the ARA to allow species to reach 
floodplain habitat and foster the persistence of a key 
ecological regime. 
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Threats	  to	  Riverine	  Conservation	  Targets	  
Experts identified eight direct threats to riverine conservation targets (Table 9). The 

overall threat summary for this environment is very high. The threat “inappropriate water 

impoundment, release, and withdrawal” rated as a very high threat while the threats 

“inappropriate channel modification”, “invasive and exotic species”, “loss of riparian habitat”, 

“non-point source pollution”, and “obstructions to stream flow” rated as high. One conservation 

target (headwater streams) received a very high threat rating while all other conservation targets 

received high threat ratings. The relationships between targets, direct threats and indirect threats 

are represented in figures 7A, 7B, and 7C.  

The NCNHP vulnerability assessments identify 13 threats, or synergistic impacts 

associated with climate change, to ecosystems crosswalked with riverine conservation targets 

(Table 10). The most common threats listed across ecosystems are “climate change” (n=4), 

“flood regime alteration” (n=4), “logging and exploitation” (n=4) and “invasive species” (n=4). 

“Logging and exploitation” was the most frequently ranked as the highest priority (most 

important threat to address).  
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Table 9. Riverine conservation targets direct threat rankings and biological stresses. 

Direct Threats Biological Stress 

Conservation Targets 

Diadromous 
Fish 

Forested 
Riparian 
Communities 

Resident 
Aquatic 
Communities 

Headwater 
Streams 

Summary 
Threat 
Rating 

Inappropriate channel 
modification 

-‐ Channel habitat loss, homogenization 
-‐ Flow alteration 

Medium  High Very High High 

Inappropriate water 
impoundment, release, and 
withdrawal 

-‐ Flow alteration  
-‐ Habitat loss and/or reductions in connectivity 
due to low water  
-‐ Demographic and genetic isolation 
-‐ Inability to reach optimal spawning and feeding 
habitats 

Very High High High Very High Very 
High 

Invasive/exotic species -‐ Predation and competition 
-‐ Habitat degradation 
-‐ Reduced foraging resources 
-‐ Disease from aquaculture facilities 

Medium Very High High  High 

Loss of riparian habitat -‐ Lack of appropriate habitat for spawning fish 
leading to decline in fish populations 
-‐ Lack of habitat complexity (sinuosity) 
-‐ Habitat degradation and alterations 

Medium High High High High 

Non-point source pollution -‐ Increased levels of nitrogen, phosphorus, fecal 
coliform bacteria ammonia, and chlorophyll a 
-‐ Reduced water quality 
-‐ Thermal changes due to discharge 

Medium  Medium Very High High 

Obstructions to stream flow  -‐ Flow alteration  
-‐ Localized extirpation 
-‐ Inability to reach optimal spawning and feeding 
habitats 
-‐ Demographic and genetic isolation  
-‐ Connectivity loss or reduction 

High  Medium Very High High 

Poaching and overfishing -‐ Localized extirpation 
-‐ Fish population declines 

Low  Low  Low 
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Table 9. Riverine conservation targets direct threat rankings and biological stresses (continued). 

Direct Threats Biological Stress 

Conservation Targets 

Diadromous 
Fish 

Forested 
Riparian 
Communities 

Resident 
Aquatic 
Communities 

Headwater 
Streams 

Summary 
Threat 
Rating 

Point source pollution -‐ Increased levels of nitrogen, phosphorus, fecal 
coliform bacteria, ammonia, and chlorophyll a 
-‐ Low levels of dissolved oxygen leading to 
dead zones  
-‐ Reduced water quality 
-‐ Disease caused by aquaculture facilities 
-‐ Thermal changes due to discharge 

Low  High Low Medium 

Summary Target Ratings   High High High Very High Very 
High 
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Table 10. NCNHP combined threats and synergistic impacts to riverine conservation 
targets. 

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Threat Priority 

Diadromous fish N/A   

Resident aquatic 
species 

N/A   

Headwater streams Piedmont 
headwater 
stream 
communities 

Development 1 

Climate change 2 

Lack of riparian vegetation 2 

Logging/exploitation 2 

Flood regime alteration 3 

Invasive species 4 

Cattle in streams 4 

Pollution 5 

Forested riparian 
forests 

Blackwater 
Coastal Plain 
floodplains  

Flood regime alteration  

Logging/exploitation 1 

Groundwater depletion 2 

Invasive species 2 

Climate change 3 

Brownwater 
Coastal Plain 
floodplains 

Logging/exploitation 1 

Climate change 2 

Invasive species 2 

Flood regime alteration 2 

Conversion to agriculture/silviculture 3 

Forested riparian 
forests 

Piedmont and 
mountian 
floodplains 

Logging/exploitation 1 

Development 2 

Invasive species 3 

Flood regime alteration 4 

Groundwater depletion 5 

Climate change 6 
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Figure 7A. Riverine conceptual diagram representing riverine conservation targets, direct threats (pink boxes), indirect 
threats (orange rectangles), and strategies (yellow hexagons).  
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Figure 7B. Subset of full riverine conceptual diagram (full diagram shown 
in diagram key) depicting target (green oval), direct threats (pink 
rectangles), indirect threats (orange rectangles), and strategies (yellow 
hexagons). 



 

43 
 

 
 
 
 
 
 Figure 7C. Subset of full riverine conceptual diagram (full diagram 

shown in diagram key) depicting target (green oval), direct threats (pink 
rectangles), indirect threats (orange rectangles), and strategies (yellow 
hexagons). 
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Strategies	  for	  Riverine	  Conservation	  Targets	  
Experts identified eight strategies for riverine environments (Table 11). Five strategies — 

“barrier removal and bypass,” “BMP or best management practice programs and incentives to 

reduce non-point source pollution,” “acquisition of critical riparian areas,” “promote ecologically 

sensitive land use planning at the local level,” and “develop a prioritization for areas with the 

ARA” — were identified as Effective and three strategies were ranked Less Effective. The 

strategy “acquisition of critical riparian areas” rated Very High for potential impact. All other 

strategies with the exception of “education and outreach” also ranked High for potential impact. 

The NCNHP vulnerability assessments identify 12 interventions to mitigate threats 

associated with climate change or increase resiliency in riverine systems (Table 12). The most 

common interventions are “restore/maintain hydrology” (n=3), “preservation of riparian 

buffers/floodplains” (n=2), “reduce groundwater extraction” (n=2), “protect/expand remaining 

examples” (n=2), and “control invasive species” (n=2). All interventions ranked High for 

importance while six strategies — “control erosion,” “eliminate/prevent pollution,” “stormwater 

management,” “protect/expand remaining examples,” “protect keystone species,” and 

preservation of riparian buffers/floodplains” — ranked High for feasibility.  
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Table 11. Riverine strategies and strategic rankings. Strategies are numbered to 
correspond with associated results chains (see Appendix D). 

Strategy Targets Impacted 

Strategy Rankings 

Potential Impact Feasibility Overall Ranking 

2.1 Education and 
outreach  

-Diadromous fish 
-Resident aquatic species 
-Headwater streams 

Medium High Less Effective 

2.2 Barrier removal 
and barrier 
bypass  

-Diadromous fish 
-Resident aquatic species 
-Headwater streams 

High High Effective 

2.3 BMP programs 
and incentives to 
reduce NPS 
pollution  

-Diadromous fish 
-Resident aquatic species 
-Headwater streams 

High High Effective 

2.4 Identify historic 
flows and 
determine 
strategic plans to 
manage for 
appropriate flows 

-Diadromous fish 
-Resident aquatic species 
-Forested riparian corridors 

High Medium Less Effective 

2.5 Acquisition of 
critical riparian 
areas 

-Diadromous fish 
-Resident aquatic species 
-Headwater streams  
-Forested riparian corridors 

Very High High Effective 

2.6 Promote 
ecologically 
sensitive land use 
planning at the 
local (city/county) 
level 

-Diadromous fish 
-Resident aquatic species 
-Headwater streams  
-Forested riparian corridors 

High High Effective 

2.7 Identify future 
emerging sources 
of point source 
pollution  

-Diadromous fish 
-Resident aquatic species 
-Headwater streams 

High Medium Less effective 

2.8 Riparian area 
prioritization 

-Diadromous fish 
-Resident aquatic species 
-Headwater streams  
-Forested riparian corridors 

High High Effective 
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Table 12. NCNHP strategies to address climate change crosswalked with riverine 
conservation targets. 

Conservation 
Target NCNHP 

Assessment Intervention Importance Feasibility 
Resident 
aquatic species N/A    
Headwater 
streams Piedmont 

headwater 
stream 
communities  

Control erosion High High 
Eliminate/prevent pollution High High 
Increase open space High Med 
Stormwater management High High 
Limit impervious surfaces High Med 
Restore/maintain hydrology High Med 
Preservation of riparian buffers/floodplains High Med 
Restore/maintain landscape connections High Low 

Forested 
riparian 
communities 

Blackwater 
Coastal Plain 
floodplains  

Reduce groundwater extraction High Low 
Restore/maintain hydrology High Low 
Protect/expand remaining examples High Med 
Control invasive species High Med 

Brownwater 
Coastal Plain 
floodplains 

Restore/maintain hydrology High Med 
Protect/expand remaining examples High High 
Control invasive species High Med 

Successional 
wetlands Protect keystone species High High 

Reduce groundwater extraction High Med 
Preservation of riparian buffers/floodplains High High 

 

3. Estuarine	  Systems	  	  
Estuaries, described as some of the most productive biomes within the world, provide 

important ecosystem services such as erosion control, floodwater absorption, and economically 

valuable commercial and recreational fisheries (Costanza et al. 1993; Beck et al. 2001; Deaton et 

al. 2010). As transitional areas between freshwater and marine environments, estuaries are 

complex, dynamic systems with high variability and changing physical characteristics (Costanza 

et al. 1993). Estuarine wetlands, submerged aquatic vegetation meadows, and oyster reefs serve 

as nursery areas which support fish and invertebrate species often with intricate and mobile life 

cycles (Beck et al. 2001). 

The ENCSEVA ecoregion encompasses some of the most nationally productive and 

important estuaries within the United States. The Albemarle-Pamlico estuary (Fig. 8) is the 
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second largest estuarine complex in the nation and North Carolina’s coastal region hosts over 2.3 

million acres of estuarine habitat (Deaton et al. 2010). Yet although the ENCSEVA ecoregion 

supports many economically important fisheries (e.g., blue crab), many species populations are 

in decline or considered as species of “concern” (NC Department of Environment and Natural 

Resources 2004). 

There are four National Estuarine Research Reserves and five Coastal Reserves within 

the ENCSEVA ecoregion. These reserves protect over 40,000 acres of estuarine land and water 

(North Carolina Coastal Reserve 2013). In addition to these reserves, the National Estuary 

Program is represented within the ecoregion by the Albemarle-Pamlico National Estuary 

Partnership (APNEP). APNEP, the National and Coastal Research Reserves, the North Carolina 

Department of Marine Fisheries and the Virginia Marine Resources Commission are examples of 

agencies and groups with a focus on protecting the ecological integrity of estuarine systems. As 

the majority of ENCSEVA membership represents natural resource and wildlife management 

within the Coastal Plain and Piedmont regions, a potential role for ENCSEVA is to develop 

cooperative partnerships with these entities and adopt already existing goals for identified 

estuarine conservation targets and manage other focal environments accordingly to help support 

estuarine systems. 
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Figure 8. Estuaries, seagrass, and shell bottom habitat as represented by APNEP 
(2011) and NC DENR data.  

Estuarine	  Targets	  and	  Goals	  
Experts identified four conservation targets, which are a mix of habitat and species: 

submerged aquatic vegetation (SAV), shell bottom with oyster reefs as a nested target, estuarine 

wetlands, natural shore zones, and estuarine-dependent species. While the protection of habitat-

based conservation targets can support other key species that use estuaries as nurseries or play a 



 

49 
 

key role within a species’ life cycle, experts also defined a specific suite of species to represent 

the estuarine-dependent species conservation target. Experts chose species with strong habitat 

dependence relationships with the habitat-based conservation targets.  
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Estuarine Conservation Targets Goals 

3.1 SAV is submerged aquatic vegetation rooted in sediment. Within the 
scope SAV species include eelgrass (Z. marina), shoalgrass (H. wrightii), 
and widgeon grass (R. maritima). NC represents the only area where 
Halodule and Zostera co-occur (C. Currin, personal communication).  

A. Establish a percent cover of SAV within a defined amount of 
potential SAV habitat.  

B. Coastal populations are aware of the importance of SAV 
habitats and their relationship with water quality. 

3.2 Shell bottom is defined as the surface shell of living or dead shellfish and 
shell hash which compose estuarine intertidal or subtidal bottoms. Shell 
bottom can consist of fringing or patch oyster reefs, surface aggregations 
of living shellfish, and shell accumulations with the vertical relief varying 
between intertidal and subtidal habitats (Deaton et al. 2010). This target 
includes oysters, the dominant shell bottom material, as a nested target 

A. ENCSEVA supports goals put forth by the NE Oyster 
Restoration Plan, the Coastal Fed Division of Marine 
Fisheries, and TNC to establish at least 500 acres of oysters 
and 500 acres of scallops along the shell bottom by 2018. 
ENCSEVA will work with these partners to establish similar 
goals for intertidal oysters, subtidal oysters, and clam beds. 

B. Key upland areas within watersheds that support shell bottom 
habitats are restored/protected for the purposes of ensuring 
appropriate ambient water quality. 

3.3 Estuarine wetlands are wetlands found along the margins of estuaries and 
sounds which include salt and brackish marshes, estuarine forested 
wetlands, and estuarine shrub/scrub wetlands. The boundary between 
wetlands and deepwater habitat (i.e., SAV) is defined as the maximum 
depth where rooted emergent vegetation (i.e., marsh grasses) can be 
found – generally <6ft (2m) below mean low water during the growing 
season (CHPP). 

A. Existing estuarine wetlands are restored/enhanced for the 
benefit of wildlife and to ensure the adequate function of 
estuarine wetlands to provide ecosystems services important 
to environmental, recreational, and commercial needs. 

B. Public is aware of ecological services provided by estuaries 
and wetlands and supports policies that minimize impacts to 
wetlands and encourage wetland protection. 

3.4 Natural shore zones are unaltered transition/edge interfaces between 
upland and aquatic habitats (water column or estuarine wetlands). These 
dynamic, tidally influenced areas include intertidal zones, tidal zones, and 
mud flats and provide access for reproduction and nutrient cycling.  

A. Natural shore zone habitats within the tidal frame are 
spatially defined. 

B. Prioritized natural shore zones are managed/restored to 
support native fauna/flora and provide ecosystem services. 

C. Sustainable and living shorelines are increased/expanded.  
3.5 Estuarine-dependent species are a selection of species representative of 

the full array of biodiversity found in project area. Specifically we include 
Atlantic sturgeon (juvenile stage), blue crabs (benthic), and tricolored 
herons (Colonial waterbird), American oystercatchers (shorebird), and the 
seaside sparrow (estuarine wetlands). The population and distribution of 
these species reflect the quality of other estuarine conservation targets.  

A. Key upland habitats deliver high-quality waters to support 
stable populations for all estuarine-dependent species. 

B. Bycatch to estuarine-dependent species is reduced. 
C. Public is aware of threats to estuarine-dependent species 

(e.g., bycatch) and the benefits of living shorelines. 
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Threats	  to	  Estuarine	  Conservation	  Targets	  
Experts identified ten threats to conservation targets, but rated nine (Table 13). The threat 

“poaching” was unable to be rated as experts were uncertain of the scope or severity of this 

threat. The overall threat rating to this environment is high. One threat, “non-point source 

pollution,” ranked as High. The threat “obstruction to fish passage and hydrologic alteration” 

was rated as a High threat to estuarine wetlands while the threat “bycatch” rated as High for 

estuarine-dependent species. The summary threat ratings for all estuarine conservation targets 

were Medium. The relationship between targets and direct threats is represented in figures 9A, 

9B, and 9C.  

The NCNHP vulnerability assessments identify three threats, or synergistic impacts 

associated with climate change, to ecosytems crosswalked with estuarine conservation targets 

(Table 14). The threats “climate change” (n=2), “pollution” (n=2), and “development” (n=2) 

occur with the same frequency and priority for the two conservation targets (natural shore zones 

and estuarine wetland) crosswalked with vulnerability assessments. 
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Table 13. Estuarine direct threats, threat rankings and biological stresses. 

Direct Threats Biological Stress 

Conservation Targets 

Estuarine 
Dependent 
Species SAV 

Natural 
Shore 
Zones 

Estuarine 
Wetlands 

Shell 
Bottom 

Summary 
Threat 
Rating 

Poaching -Localized extirpation 
-Population declines 

     N/A 

Estuarine debris -Entanglement and ingestion Low Low Low Low Low Low 

Invasives/exotics -Over competition 
-Diseases 
-Localized extinctions 

Low Medium  Medium Low Medium 

Obstructions to fish passage 
and hydrologic alteration 

-Flow alterations 
-Connectivity loss to potential habitat 
-Interference with larvae passage and ability of  
early juveniles to travel from spawning habitat to 
estuarine nursery areas 

Low   High  Medium 

Inappropriate water 
impoundment, release, and 
withdrawal 

-Water quality degradation 
-Shoreline erosion 
-Decreased hydrologic connectivity 

Low   Low  Low 

Physical modification of 
habitat 

-Turbidity and sedimentation 
-Habitat loss 

Medium Low Medium Low Medium Medium 

Point source pollution -Algal blooms and hypoxia resulting in fish kills, 
and/or deformed fish 
-Delivery of nutrients, sediment, and toxic 
chemicals to estuarine systems 
-Turbidity and sedimentation 

Medium Low Low Low Low Low 

Non-point source pollution -Algal blooms and hypoxia resulting in fish kills, 
and/or deformed fish 
-Delivery of nutrients, sediment, and toxic 
chemicals to estuarine systems 
-Turbidity and sedimentation  

Medium High Medium Low High High 

Overfishing -Reduced populations for targeted species  Medium    Low Low 

  



 

53 
 

Table 13. Estuarine direct threats, threat rankings and biological stresses (continued). 

Direct Threats Biological Stress 

Conservation Targets 

Estuarine 
Dependent 
Species SAV 

Natural 
Shore 
Zones 

Estuarine 
Wetlands 

Shell 
Bottom 

Summary 
Threat 
Rating 

Bycatch -‐ Reduced populations for targeted species  High    Low Medium 

Summary Target Ratings -‐  Medium Medium Medium Medium Medium High 
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Table 14. NCNHP combined threats and synergistic impacts to estuarine conservation 
targets. 

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Combined Threats and Synergistic Impacts Priority 

SAV N/A   

Shell bottom N/A   

Natural shore zone Estuarine 
communities 

Climate change 1 

Pollution 2 

Development 2 

Estuarine wetlands  Climate change 1 

Pollution 2 

Development 2 

Estuarine-dependent 
species 

N/A   
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Figure 9A. Estuarine conceptual diagram depicting targets (green ovals), direct threats (pink rectangles), indirect threats 
(orange rectangles), and strategies (yellow hexagons).  
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Fig 9B. Subset of full estuarine conceptual diagram (full diagram shown in 
diagram key) depicting targets (green ovals), direct threats (pink 
rectangles), indirect threats (orange rectangles), and strategies (yellow 
hexagons). 
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Fig 9C. Subset of full estuarine conceptual diagram (full diagram shown in 
diagram key) depicting targets (green ovals), direct threats (pink rectangles), 
indirect threats (orange rectangles), and strategies (yellow hexagons). 
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Strategies	  for	  Estuarine	  Conservation	  Targets	  
Experts identified ten strategies for estuarine environments, but ranked nine strategies 

(Table 15). Four strategies — “identify critical areas and Significant Habitat Areas (SHAs),” 

“education and outreach,” “develop and incentivize best management practices (BMPs),” and 

“oyster reef restoration” — were identified as Effective. The strategies “restore hydrology, “ditch 

and canal mitigation,” “promote natural and living shorelines,” “develop and implement 

invasive/exotic species plan,” and “protection and regulatory designation of critical areas” 

ranked as Less Effective. The strategy “point source pollution maps and mitigation” was not 

ranked as experts expressed uncertainty about the potential impact and feasibility. Experts 

commented that the threat “point source pollution” is already subject to existing rules and 

regulations, but the strategy “identify future sources of point source pollution (map and 

mitigate)” may prove effective in limiting new types of pollution such as endocrine disrupters. 

All other strategies ranked high for potential impact. 

The NCNHP vulnerability assessments identify six interventions to mitigate threats 

associated with climate change or increase resiliency in estuarine systems (Table 16). The 

intervention “protect future sites” ranked High for both importance and feasibility. The strategy 

“allow barrier islands to migrate” also ranked High for importance, but not feasibility. 

  



 

59 
 

Table 15. Estuarine strategies and strategic rankings. Strategies are numbered to 
correspond with associated results chains (see Appendix D). 

Strategy Conservation Target 
Strategy Rankings 
Impact Feasibility Overall Ranking 

3.1 Identify critical 
areas and 
Significant 
Habitat Areas 
(SHAs) 

-SAV 
-Shell bottom 
-Natural shore zones 
-Estuarine wetlands 
-Estuarine dependent species 

High High Effective 

3.2 Education and 
outreach 

-SAV 
-Shell bottom 
-Natural shore zones 
-Estuarine wetlands 
-Estuarine-dependent species 

High High Effective 

3.3 Ditch and canal 
mitigation 

-Estuarine wetlands 
-Estuarine-dependent species 

High Med Less 
Effective 

3.4 Restore 
hydrology 

-Estuarine wetlands 
-Estuarine dependent species 

High Med Less 
Effective 

3.5 Promote natural 
and living 
shorelines 

-SAV 
-Shell bottom 
-Natural shore zones 
-Estuarine wetlands 
-Estuarine-dependent species 

High Med Less 
Effective 

3.6 Develop and 
incentivize BMPs 

-SAV 
-Shell bottom 
-Natural shore zones 
-Estuarine wetlands 
-Estuarine-dependent species 

High High Effective 

3.7 Identify future 
sources of point 
source pollution 

-SAV 
-Shell bottom 
-Natural shore zones 
-Estuarine wetlands 
-Estuarine-dependent species 

N/A N/A  

3.8 Oyster reef 
restoration 

-Shell bottom 
-Estuarine-dependent species 

High High Effective 

3.9 Develop 
invasive/exotic 
species plan and 
implement control  

-SAV 
-Shell bottom 
-Estuarine wetlands 
-Estuarine-dependent species 

High Med Less 
Effective 

3.10 Protection and 
regulatory 
designation of 
critical areas 

-SAV 
-Shell bottom 
-Natural shore zones 
-Estuarine wetlands 
-Estuarine dependent species 

High Med Less 
Effective 
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Table 16. NCNHP strategies crosswalked with estuarine conservation targets 

Conservation 
target 

NCNHP 
assessment Intervention Importance Feasibility 

Estuarine 
wetlands 

Estuarine 
communities 

Protect future sites High High 

Preservation of riparian buffers/ 
floodplains 

Med High 

Stormwater controls Low Med 

Restore/maintain hydrology Med Med 

Control erosion Med Med 

Allow barrier islands to migrate High Med 

 

4. Uplands	  
The southeast upland habitats and ecosystems support some of the highest rates of 

terrestrial biodiversity within the United States (North Carolina Wildlife Resources Commission 

2005). Within the ENCSEVA ecoregion, these systems include unique forest complexes and 

early successional habitats, which provide a wide variety of ecosystem services (carbon 

sequestration, water filtration) as well as contributing to local economies (lumber and wood 

products). Upland ecosystems also influence riverine environments through water filtration, and 

stormwater runoff catchment.  

Upland habitats are the most common environment across the ENCSEVA landscape 

(Figure 10) and (both historically and currently) are heavily influenced by anthropogenic 

populations, development, industry, urbanization, and agriculture, and much of the existing 

forestlands within serve as timber land (NC Forest Service 2010). Most upland forests have been 

logged or cleared, often more than once, in the past 300 years (NC Wildlife Resources 

Commission 2013a). The history of logging and clearing upland forests has degraded the quality 

of these existing habitats (NC Wildlife Resources Commission 2013a) and rapid alteration of 

upland systems to urban or agricultural lands has led to significant habitat loss and 

fragmentation, despite the importance of these habitats to regional biodiversity. More than one-

fifth of North Carolina’s native mammal species and one-quarter of the bird species are 

designated as rare and in need of special protection (NC Wildlife Resources Commission 2005). 

Many of these species directly rely on upland habitats for their survival. 
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 Upland habitats across the ENCSEVA ecoregion will most likely continue to be areas 

subject to anthropogenic activities. In North Carolina alone, the population is expected to 

increase by 50 percent by 2030 (NC Wildlife Resources Commission 2013b). Therefore, it is 

necessary to develop a clear and strategic conservation plan to protect and conserve upland 

habitats as well as work with local governments, land trusts, and other agencies to achieve 

conservation success.   
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Figure 10. Upland conservation targets occurring across the ENCSEVA ecoregion as 
predicted by GAP data (2007).  

Uplands	  Conservation	  Targets	  and	  Goals	  
Experts identified five habitat conservation targets for upland systems: dry longleaf pine 

communities, xeric hardpan woodlands with a nested target of Piedmont prairies, oak/hickory 

forests, mesic forests, and granitic outcroppings and glades. Experts noted difficulty in selecting 

quantitative goals for upland targets because developing goals that reflect how much (number of 

acres, patch size), in what configuration (connectivity, patch dispersal), and where depends on a 

specific species’ or suite of species’ needs. As uplands are and have been heavily impacted by 
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anthropogenic activities, some experts commented protecting reserve areas that are 

representative of the ecoregion’s biodiversity may be appropriate, whereas other experts 

commented that developing goals for these conservation targets is particularly difficult because 

the landscape is dynamic and in constant flux.  

During workshop discussions, experts noted that the ideal suite of upland conservation 

targets include a mix of habitat and species targets. However, there was high uncertainty as to 

which species to consider as conservation targets. Experts noted a strong correlation between the 

amount and quality of habitat and the presence and viability of upland species. Experts expressed 

that choosing a suite of habitat targets could also potentially benefit rare species and species of 

conservation concern. The conservation targets listed below reflect the final consensus of expert 

opinion during workshops. 
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Upland Conservation Targets Goals 

4.1 Dry longleaf pine communities occur on dry or well-drained soils with an 
open midstory, an understory that can often include scrub oaks, and an 
understory dominated by wiregrass or other grass/herb ground cover 
(NatureServe 2012). This habitat is dependent on a frequent, low-intensity 
fire regime (appropriate fire intervals vary by habitat).  

 

A. ENCSEVA adopts goals put forth by the NC Longleaf 
Coalition/America’s Longleaf Initiative to increase longleaf 
pine ecosystems by 3 percent annually (private and public 
lands).  

B. Increase quality of wildlife habitat within existing longleaf 
pine forests. 

C. Implement a long-term, low-intensity, frequent burn regime.  
4.2 Xeric hardpan woodlands, typically shallow with acidic soil, occur on dry 

Piedmont sites. This habitat includes Piedmont monadnock forests and 
Piedmont acidic cliff communities (Schafale and Weakley 1990). This 
target depends on periodic fires, although the natural fire regime needed 
to maintain these areas is not clearly understood. This target includes 
Piedmont prairies as a nested target. 

A. Maintain and protect existing xeric hardpan woodlands. 
 
 

4.3 Early successional habitats include grasslands, shrublands, clear-cuts, 
regenerating forests, large canopy gaps, open savannas, and abandoned 
agricultural fields. This target is ephemeral with limited longevity without 
repeated disturbance and the landscape context can be critical for 
success of maintaining populations of early succession species. 

A. Increase the amount of high-quality, early successional 
habitats within the landscape (without degrading, or 
reducing another conservation target). 

4.4 Oak/hickory forests are considered climax communities and occur on dry 
slopes and ridges with an overstory dominated by oaks and hickories. 
These habitats have a high wildlife value due to the amount and extent of 
this habitat across the landscape, variety of conditions encompassed, and 
mast production. Representation of these forests should be characterized 
as naturally uneven-‐aged forests with some old trees present (Schafale 
and Weakley 1990). The historic fire regime is not well understood. 

A. Increase the connectivity of oak/ hickory forests throughout 
the landscape while decreasing the amount of edge. 

B. Increase high quality areas of oak-hickory forests. 
C. Introduce a burn regime to oak/ hickory forest ecosystems. 
  

4.5 Mesic forests occur on moist sites (but not wet) and can be found on north 
facing slopes, sheltered ravines, high terraces on the edges of 
floodplains, and on moist portions of broad upland flats and on small 
island ridges surrounded by swamps within the Coastal Plain. These sites 
are naturally sheltered from fires and tend to support dense forests 
dominated by moisture-loving non-wetland trees.  

A. Increase high quality areas of mesic forest. 
 

4.6 Granitic outcroppings and glades includes open, largely treeless 
communities of exfoliated granitic rocks in the eastern and central 
Piedmont and granitic flatrock border woodlands (bordering). The granitic 
flatrock community is dominated by annual herbs and is distinguished by 
characteristics such as soils too shallow to plow, absence of evidence of 
cultivation, and association with rock outcrops. 

A. Protect existing granitic outcroppings and glades. 
B. Maintain/restore existing granitic outcroppings and glades. 
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Threats	  to	  Upland	  Conservation	  Targets	  
 Experts identified eight direct threats to upland conservation targets (Table 17). Two 

threats, “habitat loss and fragmentation” and “invasive and exotic species/ pathogens,” rated as 

High threats across the upland environments. The oak/hickory forest conservation target rated as 

Very High while the conservation targets mesic forests and dry longleaf pine communities 

received High summary target ratings. The relationship between targets and direct threats is 

represented in figures 11A, 11B, and 11C.  

The NCNHP vulnerability assessments identify eight threats, or synergistic impacts 

associated with climate change, to ecosystems crosswalked with upland conservation targets 

(Table 18). The threats “climate change” (n=7), “development” (n=6), and “invasive species” 

(n=6) are most the common threats. The threat “development” is the most common identified 

high priority threat. 
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Table 17. Upland direct threats, threat ratings, and biological stresses. 

Direct Threats Biological Stress 

ENCSEVA Conservation Targets 

Mesic 
Forests 

Dry 
Longleaf 
Pine 

Oak/ 
Hickory 
Forest 

Granitic 
Outcroppings 
& Glades 

Early 
Succession 
Habitats 

Xeric 
Hardpan 
Woodlands 

Summary 
Threat 
Rating 

Changes in water 
table/hydrology 
alterations 

-Habitat degradation Low Low Low   High Medium 

Fire exclusion -Habitat degradation  Medium High   Medium Medium 

Habitat loss and 
fragmentation 

-Fragmentation 
-Erosion and mass soil movement  
-Disruption to species dispersal/ 
movements  
-Habitat degradation 
-Increase in exotic invasive species 

High High Very High  Low Medium High 

Inappropriate 
recreation 

-Habitat degradation 
-Increase in exotic invasive species 

Low Low Low High  Low Medium 

Incompatible pine 
straw production 

-Habitat degradation  Medium     Low 

Invasive species, 
exotics, pathogens 

-Habitat degradation 
-Diseases/ pathogens (gypsy moth, wilt 
disease) 
-eradication of host plants  
-Change in hydrology 

High Low Medium Medium High Low High 

Poaching -Population declines Low Low Low Low Low Low Low 

Wildlife population 
imbalance 

-Habitat degradation Medium Low Medium Low Low Medium Medium 

Summary Target 
Ratings 

 High High Very High Medium Medium Medium High 
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Table 18. NCNHP combined threats and synergistic impacts to upland conservation 
targets. 

ENCSEVA 
Conservation Target NCNHP Assessment Combined Threats and Synergistic Impacts Priority 
Dry longleaf pine 
communities 

Dry longleaf pine 
communities 

Development 1 

Logging/exploitation 2 

Conversion to agriculture/silviculture 2 

Fire 3 

Climate change 4 

Xeric hardpan 
communities 

Piedmont and Coastal 
Plain oak forests 

Development 1 

Logging/exploitation 2 

Invasive species 3 

Fire 4 

Climate change 5 

Piedmont and Mountain 
dry coniferous woodlands 

Fire 1 

Logging/exploitation 2 

Invasive species 2 

Development 3 

Climate change 4 

Early successional 
habitats 

Successional and ruderal 
uplands 

Conversion to agriculture/silviculture 1 

Pollution 2 

Invasive species 2 

Climate change 3 

Oak/hickory Forests Piedmont and Coastal 
Plain oak forests 

Development 1 

Logging/exploitation 2 

Invasive species 3 

Fire 4 

Climate change 5 

Mesic forests Piedmont and Coastal 
Plain mesic forests 

Development 1 

Logging/exploitation 1 

Invasive species 2 

Climate change 3 

Granitic outcroppings 
and glades 

Granitic flatrocks Mining 1 

Development 1 

Invasive species 2 

Climate change 3 
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Figure 11A. Uplands conceptual diagram depicting targets (green ovals), direct threats (pink rectangles), indirect threats 
(orange rectangles), and strategies (yellow hexagons). 
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Fig 11B. Subset of full upland conceptual diagram (full diagram shown in 
diagram key) depicting targets (green ovals), direct threats (pink rectangles), 
indirect threats (orange rectangles), and strategies (yellow hexagons). 
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Fig 11C. Subset of full upland conceptual diagram (full diagram 
shown in diagram key) depicting targets (green ovals), direct threats 
(pink rectangles), indirect threats (orange rectangles), and strategies 
(yellow hexagons). 
 



 

71 
 

Strategies	  for	  Upland	  Conservation	  Targets	  
Experts identified eight strategies to support upland conservation targets and/or mitigate 

threats (Table 19). Three strategies — “promote fire as a land management tool,” “education and 

outreach,” and “establish cooperative invasive species partnerships” — were identified as 

Effective and five strategies ranked Less Effective. The strategy “protection and land 

acquisition” ranked as Very High for potential impact but ranked Medium for feasibility, which 

resulted in a Less Effective overall ranking. 

The NCNHP vulnerability assessments identify eight strategies to mitigate threats 

associated with climate change or increase resiliency in upland systems (Table 20). The most 

common interventions are “control invasive species” (n=7) and “protect/expand remaining 

examples” (n=6). Three interventions — “conduct prescribed burns,” “control invasive species,” 

and “protect/maintain remaining examples” — ranked as High for importance and feasibility for 

supporting dry longleaf pine communities. The intervention “conduct prescribed burns” also 

ranked as High for importance and feasibility for Piedmont and Mountain Dry Coniferous 

Woodlands, which is crosswalked with xeric hardpan communities. The intervention 

“protect/expand remaining examples” ranked as High for both importance and feasibility for 

granitic outcroppings and glades. 
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Table 19. Upland strategies and strategic rankings. Strategies are numbered to 
correspond with associated results chains (see Appendix D). 

Strategy Conservation Target 

Strategy ranking 
Potential 
Impact Feasibility Overall Ranking 

4.1 Promote fire as 
a land 
management 
tool 

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Oak/hickory forests 

High High Effective 

4.2 Create incentive 
programs for 
pine straw 
producers 

-Dry longleaf pine communities High Med Less Effective 

4.3 Promote 
ecologically 
sensitive  
land use 
planning at local 
(city/county) 
level 

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Early successional habitats 
-Oak/hickory forests 
-Mesic forest 
-Granitic outcroppings and glades 

Med High Less Effective 

4.4 Protection and 
land acquisition 

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Early successional habitats 
-Oak/hickory forests 
-Mesic forest 
-Granitic outcroppings and glades 

Very High Med Less Effective 

4.5 Education and 
outreach 

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Early successional habitats 
-Oak/hickory forests 
-Mesic forest 
-Granitic outcroppings and glades 

High High Effective 

4.6 Establish 
cooperative 
invasive species 
partnership 

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Early successional habitats 
-Oak/hickory forests 
-Mesic forest 
-Granitic outcroppings and glades 

High High Effective 

4.7 Prioritize 
invasives and 
control 
mechanisms 

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Early successional habitats 
-Oak/hickory forests 
-Mesic forest 
-Granitic outcroppings and glades 

High Med Less Effective 

4.8 Promote deer 
control  

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Early successional habitats 

Med Very High Less Effective 
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Table 20. NCNHP strategies to address climate change crosswalked with upland 
conservation targets. 

Conservation 
Target 

NCNHP 
Assessment Intervention Importance Feasibility 

Dry longleaf pine 
communities 

Dry longleaf 
pine 
communities 

Conduct prescribed burns High High 

Control invasive species High High 

Restore/maintain landscape 
connections 

High Med 

Protect/expand remaining examples High High 

Xeric hardpan 
communities 

Piedmont 
and 
mountain dry 
coniferous 
woodlands 

Restore extirpated areas Med High 

Protect/expand remaining examples Med High 

Control invasive species High Med 

Conduct prescribed burns High High 

Piedmont 
and Coastal 
Plain oak 
forests 

Control invasive species High Med 

Conduct prescribed burns Med High 

Restore/maintain landscape connection High Med 

Protect/expand remaining examples High Med 

Early 
successional 
habitats 

Successional 
and ruderal 
uplands 

Preserve/restore traditional agricultural 
practices 

1  

Eliminate/prevent pollution 2  

Control invasive species 2  

Oak/hickory 
forests 

Piedmont 
and Coastal 
Plain oak 
forests 

Control invasive species High Med 

Conduct prescribed burns Med High 

Restore/maintain landscape connection High Med 

Protect/expand remaining examples High Med 

Mesic forests Piedmont 
and Coastal 
Plain mesic 
forests 

Preservation of riparian buffers/ 
floodplains 

Low High 

Restore/maintain landscape 
connections 

Med Med 

Control invasive species High Med 

Protect/expand remaining examples High High 

Granitic 
outcroppings 
and glades 

Granitic 
flatrocks 

Control invasive species High Med 

Protect/expand remaining examples High High 
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5. Barrier	  Islands	  
Considered unique and fragile ecosystems, barrier islands are complex and dynamic.  

Barrier islands are low-lying sedimentary deposits which constantly change due to oceanic 

processes and are sensitive to sea-level changes and extreme weather events (Inmand and Dolan 

1989; Moore et al. 2010). These systems naturally migrate landward or change in width due to 

storm activity, which can create inlet openings through a process known as overwash (Poulter et 

al. 2009). Overwash, during which material deposits leeward of barrier islands, is a vital process 

upon which the formation and extent of barrier islands rely (Poulter et al. 2009). Barrier islands 

provide important ecosystem services such as coastline protection from extreme weather events 

and limiting erosion to estuarine complexes and coastal wetlands.  

Within the ENCSEVA scope, over 96,300 acres of barrier islands are protected. This 

includes two national parks and three national wildlife refuges (Fig. 12). Cape Lookout National 

Seashore and Cape Hatteras National Seashore encompass 126 miles of barrier island shoreline 

(National Park Service 2011) while Pea Island, Currituck, and Back Bay National Wildlife 

Refuges encompass 34 miles of barrier island shorelines. Despite the amount of protected area, 

the geomorphic processes upon which barrier islands rely (e.g., overwash) are often hindered by 

shoreline hardening, inlet dredging, and dune management, even on protected lands. Barrier 

island systems are sensitive to impacts associated with climate change such as sea-level rise, sea-

level inundation, and erosion (Poulter et al. 2009). Given the size and density of anthropogenic 

developments along the barrier islands, the resiliency of these systems to climate changes has 

decreased (Poulter et al. 2009). 
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Figure 12. Barrier island complexes within the ENCSEVA ecoregion. Maritime 
vegetated communities are represented by GAP data (2007). 

Barrier	  Islands	  Targets	  and	  Goals	  
Experts identified four conservation targets for barrier island systems, which are a mix of 

habitat and species: barrier island landforms, sea turtle nesting habitat, barrier island dependent 

birds, and maritime vegetated communities with freshwater lenses as a nested target. Experts 

identified a suite of species to represent barrier island dependent birds. The protection and long-

term conservation of these targets will preserve barrier island biodiversity as well as the 

processes upon which these targets depend. 
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Conservation targets Goals 

5.1 Barrier island landforms include inlets, beaches, overwash fans, dunes, 
and mud and sand flats and rely on the geomorphic processes that 
influence island movement and sand migration (both parallel and 
longshore drift).  

 

A. Increase natural geomorphic processes that facilitate the 
migration and movement of barrier islands on a specific 
amount of both publicly and privately managed lands. 

B. Increase public support to the extent that geomorphic 
processes can occur in prioritized areas. 

5.2 Sea turtle nesting habitat refers to the terrestrial habitat upon which sea 
turtle species nest. High quality sea turtle nesting habitat is defined as 
beaches with appropriate aspect and long distances from the high tide 
line, with little disturbance (i.e., light pollution). Nesting occurs mainly on 
open beaches or along narrow bays and estuarine shorelines having 
suitable sand, and falls between the high tide line and dune fronts. 
Nesting season (time when females nest to time of hatching) lasts from 
April through December. The loggerhead sea turtle (Caretta caretta) is the 
most common nesting sea turtle, and goals and indicators herein are 
based on the loggerhead sea turtle recovery plan developed by the 
National Marine Fisheries Service and U.S. Fish and Wildlife Service. 
Managing for loggerhead sea turtle nesting habitat is expected to benefit 
the other species of sea turtles that nest within the ENCSEVA geography.  

A. By 2050, the ENCSEVA coastal ecoregion will support 
2,000 loggerhead turtle nests. 

B. Increase high quality sea turtle nesting habitat (currently 
~531 km of total nesting habitat within the scope). 

C. Increase nest and hatchling success.  

5.3 Barrier island dependent birds include a suite of avian fauna representing 
migratory shorebirds, breeding and beach nesting birds, and migratory 
waterfowl. Specifically, this target includes the least tern (Sternula 
antillarum), the gull-billed tern (Gelochelidon nilotica), the black skimmer 
(Rynchops niger) and American oystercatcher (Haematopus palliates). 

A. By 2023 attain 80 percent of statewide priority breeding 
population goals for barrier islands birds. 

B. By 2018 protect >80 percent of the important stopover sites 
for migratory shorebirds and increase their use by 25 
percent on public lands. 

5.4 Maritime vegetated communities include maritime grassland and forests. 
Historically more widespread, maritime grassland communities tend to be 
unable to support trees because of heavy salt spray or overwash by salt 
water during storms. Maritime forests, dependent on the shelter of dunes 
for their occurrence (although, dune stabilization by planting of grasses or 
placing sand fences modifies the natural dune structure and dynamics) 
include scrubby, woody growth of stabilized sand dunes, dune swales, 
and sand flats. This includes the nested target freshwater aquatic 
resources. 

A. Increase the amount of protected maritime forest. 
B. Increase high quality maritime forests. 
C. Increase amount of large, contiguous patches of grassland 

communities. 
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Threats	  to	  Barrier	  Island	  Conservation	  Targets	  
 Experts identified 11 direct threats to barrier island conservation targets (Table 21). The 

threats “incompatible artificial habitat alteration,” “incompatible recreation,” and “depletion of 

freshwater aquifer,” received high summary threat ratings given their level of impact to 

conservation targets. All conservation targets received High summary target ratings. The threat 

“depletion of freshwater aquifer” rated Very High for its impact to the conservation target barrier 

island landforms. The relationship between targets and direct threats is represented in figures 

13A, 13B, 13C. 

 The NCNHP vulnerability assessments identify five threats, or synergistic impacts 

associated with climate change, to ecosystems crosswalked with barrier island conservation 

targets (Table 22). The threats “development” (n=3) and “climate change” (n=3) are the most 

common threats. All threats are given a High priority (1 or 2). 
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Table 21. Barrier island direct threats, threat ratings, and biological stresses. 

Direct Threats Biological Stress 

ENCSEVA Conservation Targets 

Barrier 
Island 
Landforms 

Maritime 
Vegetated 
Communities 

Barrier Island 
Dependent 
Birds 

Sea Turtle 
Nesting 
Habitat 

Summary 
Threat 
Rating 

Incompatible 
habitat alteration 

-‐ Natural process loss/disruption 
-‐ Habitat loss and degradation 
-‐ Localized loss of freshwater lens  
-‐ Erosion  
-‐ Disruption to species dispersal/movements 

High Medium High Medium High 

Fire suppression -‐ Habitat degradation 
-‐ Fuel overloading 

 Low   Low 

Energy resources 
development 

-‐ Habitat loss and degradation 
-‐ Direct kill or decreased species fitness from exposure  

(oil spills) 
-‐ Loss of freshwater lens 

Medium Medium Low Low Medium 

Beach debris -‐ Habitat degradation 
-‐ Entanglement or ingestion  

  Medium Low Low 

Light pollution  -‐ Habitat degradation 
-‐ Reduced nesting and hatching success 

   High Medium 

Non-point source 
pollution 

-‐ Reduced water quality 
-‐ Habitat degradation  
-‐ Nutrient loading 
-‐ Habitat shifts 
-‐ Reduces species fitness (exposure)  

 Medium Low Low Low 

Invasives/exotics -‐ Decreased native populations 
-‐ Increased competition 
-‐ Disease 
-‐ Habitat loss and degradation 

Low Medium High Low Medium 

Incompatible 
recreation 

-‐ Habitat degradation 
-‐ Nest disturbance 

Medium Medium High High High 

  



 

79 
 

Table 21. Barrier island direct threats, threat ratings, and biological stresses (continued). 

Direct Threats Biological Stress 

ENCSEVA Conservation Targets 

Barrier 
Island 
Landforms 

Maritime 
Vegetated 
Communities 

Barrier Island 
Dependent 
Birds 

Sea Turtle 
Nesting 
Habitat 

Summary 
Threat 
Rating 

Wildlife population 
imbalance 

-‐ Over predation of native species 
-‐ Increased nutrient loading 
-‐ Removal of vegetation (understory) 
-‐ Over competition 
-‐ Increased risk of diseases affecting public health (lime 

disease) 

 Medium High Med Med 

Depletion of 
freshwater aquifer  

-‐ Loss of freshwater resources 
-‐ Salt water intrusion 
-‐ Lower water table 

Very High High   High 

Point source 
pollution 

-‐ Habitat degradation 
-‐ Changes in water temperature 
-‐ Turbidity 
-‐ Invasives 

 Low   Low 

Summary Target 
Ratings 

 High High High High High 
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Table 22. NCNHP combined threats and synergistic impacts to barrier island 
conservation targets. 

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Threat Priority 

Barrier island 
landforms 

N/A   

Barrier island 
vegetated 
communities 

Maritime 
grasslands 

Development 1 

Climate change  1 

Invasive species  2 

Maritime 
upland forests 

Climate change  1 

Development 1 

Maritime 
wetland 
forests 

Climate change 1 

Impoundments 2 

Groundwater depletion 2 

Development 2 

Barrier island– 
dependent birds 

N/A   

Sea turtle nesting 
habitat 

N/A   

 



 

81 
 

 
Figure 13A. Conceptual diagram for barrier islands systems depicting targets (green ovals), direct threats (pink 
rectangles), indirect threats (orange rectangles), and strategies (yellow hexagons). 
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Fig 13B. Subset of full barrier islands conceptual diagram (full diagram 
shown in diagram key) depicting targets (green ovals), direct threats 
(pink rectangles), indirect threats (orange rectangles), and strategies 
(yellow hexagons). 
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Fig 13C. Subset of full barrier islands conceptual diagram (full 
diagram shown in diagram key) depicting targets (green ovals), 
direct threats (pink rectangles), indirect threats (orange rectangles), 
and strategies (yellow hexagons). 
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Strategies for Barrier Island Conservation Targets 

Experts identified seven strategies to support barrier island conservation targets and/or 

mitigate threats (Table 23). Experts ranked two strategies — “acquisition/conservation on critical 

lands” and “decrease light pollution affecting sea turtles” — as Effective and five strategies as 

Less Effective. The strategy “prioritize invasives and control mechanisms” ranked Very High for 

potential impact but Medium for feasibility resulting in an overall ranking of Less Effective. 

The NCNHP vulnerability assessments identify seven interventions to mitigate threats 

associated with climate change or increase resiliency in barrier island systems (Table 24). The 

most common interventions are “restore extirpated areas” (n=2) and “protect/expand remaining 

examples” (n=2). Three interventions that support maritime vegetated communities — “restore 

extirpated areas,” “control invasive species,” and “restore/maintain hydrology” — ranked as 

High for both importance and feasibility. 
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Table 23. Barrier island strategies and strategic rankings. Strategies are numbered to 
correspond with associated results chains (see Appendix D). 

Strategy Conservation Target 

Strategy ranking 

Potential impact Feasibility Overall Ranking 
5.1 Encourage 

natural 
geomorphic 
processes 
(barrier island 
and inlet 
migration, 
overwash) 

-Barrier islands landforms 
-Sea turtle nesting habitat 
-Barrier island–dependent birds 
-Maritime vegetated communities 

High Med Less Effective 

5.2 Education and 
outreach 

  

-Barrier islands landforms 
-Sea turtle nesting habitat 
-Barrier island–dependent birds 
-Maritime vegetated communities 

Med High Less Effective 

5.3 Acquisition/ 
conservation on 
critical lands 

-Barrier islands landforms 
-Sea turtle nesting habitat 
-Barrier island–dependent birds 
-Maritime vegetated communities 

High High Effective 

5.4 Support multi-
modal 
alternative 
transportation 
options 

  

-Barrier islands landforms High Med Less Effective 

5.5 Decrease light 
pollution 
affecting sea 
turtles 

  

-Sea turtle nesting habitat High High Effective 

5.6 Promote 
ecologically 
sensitive land 
use planning 

-Barrier islands landforms 
-Sea turtle nesting habitat 
-Barrier island–dependent birds 
-Maritime vegetated communities 

Med Med Less Effective 

5.7 Prioritize 
invasives and 
control 
mechanisms 

-Barrier islands landforms 
-Sea turtle nesting habitat 
-Barrier island–dependent birds 
-Maritime vegetated communities 

Very High Med Less Effective 
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Table 24. NCNHP strategies to address climate change crosswalked with barrier island 
conservation targets. 

Conservation 
target NCNHP 

assessment Intervention Importance Feasibility 
Barrier island 
landforms N/A    
Maritime 
vegetated 
communities 

Maritime 
grasslands Restore extirpated areas High High 

Control invasive species High High 
Allow barrier islands to migrate High Med 

Maritime 
upland 
forests 

Restore extirpated areas Med Low 
Protect/expand remaining examples Med Med 

Maritime 
wetland 
forests 

Restore/maintain hydrology High High 
Restore/maintain landscape 
connections Med Low 

Reduce groundwater extraction Med Med 
Protect/expand remaining examples Med Med 

Barrier island 
birds N/A    
Sea turtle 
nesting habitat N/A    

 

Developing	  a	  Strategic	  Habitat	  Conservation	  Plan	  

This report describes the initial results derived from expert elicitation workshops for five 

focal environments. The original scope of work included assessing marine environments, but 

given that potential marine conservation targets are outside the scope of the ENCSEVA 

ecoregion, we refer to conservation planning efforts by the SALCC to develop indicators to 

assess this ecosystem (see Appendix G). These indicators can serve to support the Strategic 

Habitat Conservation Plan for the ENCSEVA team. While this information provides a strong 

foundation, there are still potential avenues the ENCSEVA team could explore before 

developing a final Plan. Below we describe some alternatives for how ENCSEVA can use this 

information to structure the Plan, as well as highlight areas where ENCSEVA could concentrate 

efforts to support framing the Plan in an adaptive management framework, such as developing a 

strategic partnership plan and identifying quantifiable goals for each conservation target. 
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Evaluating Threats 

Experts identified 23 conservation targets across five focal environments (Table 25) and 

30 direct threats to those conservation targets (Table 26). Although not explicitly stated, the 

theme “habitat loss or degradation” is common across all focal environments. For every focal 

environment, “invasive and exotic species” was identified as a threat and for all focal 

environments except for uplands “non-point source pollution,” “point source pollution,” and 

“poaching and/or overfishing” were identified as threats.  

 

Table 25. Conservation targets across focal environments. 

Focal Environment Conservation Target (Habitat) Conservation Target (Species) 
Wetlands 1. Wet pine savannas 

2. Isolated ephemeral wetlands 
3. Non-riverine swamps 
4. Pocosins and peatland 

communities 
5. Freshwater marshes  
6. Natural lakes and lakeshores 

 

Riverine systems 7. Headwater streams 
8. Riparian forested corridors 

9. Diadromous fish 
10. Resident aquatic species 

Estuarine systems 11. Shell bottom  
12. Estuarine wetlands  
13. Natural shore zones 

14. Estuarine dependent 
species 

Uplands 15. Dry longleaf pine communities 
16. Xeric hardpan woodlands  
17. Oak/ hickory forests 
18. Mesic forests 
19. Granitic outcroppings and glades 

 

Barrier islands 20. Barrier island landforms  
21. Sea turtle nesting habitat 
22. Maritime vegetated communities  

23. Barrier island–dependent 
birds 

 

 Threats were identified with respect to each focal environment and therefore reflect the 

expert opinion of the unique relationships and processes that drive those threats as germane to 

specific focal environments. While this information provides important hypotheses regarding 

causal relationships between threats and targets, there is also an opportunity to evaluate these 

threats on a regional scale and identify relationships across environments. For example, the 

threat “loss of riparian habitat” affects the water and habitat quality of riverine systems but also 

impacts estuaries that receive water from these systems. A possible avenue for ENCSEVA to 
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pursue is to aggregate all direct threats identified within this report and rank them using the 

Miradi software to identify high priority threats across the ecoregion. A potential tool to aid a 

meta-threat analysis is the Conservation Measures Partnership and World Conservation Union 

(IUCN) standard threat taxonomy (Salafsky et al. 2007). This taxonomy is a standardized 

classification system of direct threats and potential conservation actions that natural resource 

managers and conservation practitioners can take to mitigate those threats (Conservation 

Measures Partnership 2010).  

 
Table 26. Direct threats to conservation targets across focal environments where "n" 
represents a focal environment. 

Direct Threats to Conservation Targets Across Focal Environments 

1. Invasives /exotics species (n=5) 16. Loss of riparian habitat (n=1) 

2. Ditches/drains (n=1) 17. Obstructions to stream flow (n=1)  

3. Non-point source pollution (n=4) 18. Poaching and/or overfishing (n=4) 

4. Fire exclusion (n=3) 19. Estuarine/beach debris (n=2) 

5. Wildfires worsened by human actions (n=1) 20. Obstructions to fish passage and hydrologic 
alteration (n=1) 

6. Conversion to tree plantation (n=1) 21. Physical modification of habitat (n=2) 

7. Aerial emissions from poultry farms and 
smoke stacks (n=1) 

22. Bycatch (n=1)  

8. Mining (n=1) 23. Changes in water table/hydrology 
alterations (n=1) 

9. Transportation and utility corridor 
construction and maintenance (n=1) 

24. Habitat loss and fragmentation (n=1) 

10. Filling (n=1) 25. Inappropriate recreation (n=2) 

11. Conversion to agriculture (n=1) 26. Incompatible pine straw production (n=1) 
12. Point source pollution (n=4) 27. Wildlife population imbalance (n=2) 

13. Logging (n=1) 28. Energy resources development (n=1) 

14. Inappropriate channel modification (n=1) 29. Light pollution (n=1) 

15. Inappropriate water impoundment, 
release, and withdrawal (n=2) 

30. Depletion of freshwater aquifer (n=1) 

 
This taxonomy may also help to clarify which factors are stresses and which are direct 

threats. We focused our threat analysis on capturing expert opinions as to how the human actions 

caused damage, degradation, or a reduction of a conservation target. We note that there may be 

instances where a stress was identified as a direct threat. For example, within riverine 
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environments we list “loss of riparian habitat” as a direct threat, caused by indirect threats such 

as an increase in erosion and sedimentation, livestock in streams, etc. However, this direct threat 

may also be categorized as a stress (V. Swaminathan, personal communication). The use of the 

threat taxonomy may be useful to clarifying such distinctions. 

There are also substantial existing efforts made by various groups to identify and assess 

threats across the ENCSEVA ecoregion. For example, two relevant efforts to assess threats to 

riverine systems are The Nature Conservancy’s freshwater assessment and the National Fish 

Habitat Action Plan. The Nature Conservancy’s assessment, based on literature reviews and 

expert knowledge, provides a list of threats and stressors by basin while the National Fish 

Habitat Action Plan (2010) scores individual basins based on the potential for degradation. 

ENCSEVA can use these existing analyses to support a regionwide threat ranking as well as 

identify partnerships with relevant groups to mitigate and reduce those threats.  

As previously stated, we present two threat analyses in this report. We did not aggregate 

or compare the results of the expert-identified threat ratings to threats identified within the 

NCNHP climate change vulnerability assessments. However, coordinating efforts between the 

threat assessments presented within this report and the NCNHP assessments will allow 

ENCSEVA to extrapolate commonalities and potential linkages for potential strategies that could 

impact multiple conservation goals. Based on the NCNHP assessments, threats identified by 

experts are likely to be exacerbated due to climate change, which may change their threat rating. 

Conservation	  Strategies	  
Experts identified 21 potential strategies to reduce threats and/or support conservation 

targets for five focal environments within the ecoregion. Strategies that benefit the most 

conservation targets are “acquisition and/or conservation of critical areas” (n=24), “education 

and outreach” (n=24), “prioritize invasives and control mechanisms” (n=20), and “promote 

ecologically sensitive land use planning at the local (city/county) level” (n=20). We also 

identified 21 climate change interventions based on the climate change ecosystem assessments 

crosswalk with conservation targets. Climate change strategies which benefit the most 

conservation targets are “control invasive species” (n=13), “protect/expand remaining examples” 

(n=13), and “restore/ maintain hydrology” (n=10). 

Experts listed and ranked strategies at the scale of each focal environment. While no 

strategy ranked as Not Effective, several strategies ranked as Less Effective. A strategy that 
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ranks as Less Effective does not imply that the strategy should be disregarded or not considered 

as an alternative. Often strategies were ranked High, or even Very High, in terms of potential 

impact, but received an overall ranking of Less Effective because of the ranking for feasibility. 

Feasibility, a reflection of the resources available to implement a strategy, could change with 

expanded collaboration with potential partners. We note several strategies, when translated into 

results chains, were dependent upon the implementation of other strategies, regardless of the 

ranking the strategy received.  

Furthermore, experts identified similar strategies to address threats across environments 

but the rankings varied. For instance, within workshops focused on wetland systems, experts 

ranked the strategy “acquiring critical lands” as Less Effective, whereas experts in workshops for 

riverine systems ranked this as an Effective strategy. Also, while some strategies are unique to 

specific environments, others could also potentially benefit multiple conservation targets across 

environments. For example, within the riverine environment the strategy “barrier bypass and 

removal” ranked High both for impact and feasibility and directly supports the riverine goal to 

increase hydrologic connectivity. This strategy would also benefit conservation targets within the 

estuarine environment by increasing potential habitat available for estuarine-dependent species 

such as the Atlantic sturgeon (also a riverine conservation target). We also note the 

implementation of some strategies will require certain types of expertise for which we did not 

elicit. For instance, experts commonly identified education and outreach as a strategy across 

focal environments, but we did not elicit the knowledge of environmental educators within 

workshops or during reviews. To address these issues, ENCSEVA could review all strategies and 

threats and (1) seek collaboration with groups with expertise in areas relevant to implementing 

strategies and (2) re-rank strategies based on their applicability across environments. These two 

actions are likely to change strategy rankings, especially in terms of feasibility.  

We identify three areas where strategy effectiveness can be measured: strategic 

implementation (strategic capacity); strategic impact to successfully reduce the severity or scope 

of a threat (threat mitigation); and the ability of a strategy to support or benefit a conservation 

target (target support). Although the Open Standards strategy ranking methodology does base its 

rankings on strategic impact and feasibility of implementation, we emphasize including metrics 

within results chains that reflect strategic capacity, threat mitigation, and target support. Closely 

monitoring how well a strategy performs within three categories can support the adaptive 
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management process. Also, the successful implementation of some strategies will require the 

collaboration and participation of partners, while other strategies could be completed without 

external partnerships. As we did not analyze the potential link between rated threats and 

strategies, ENCSEVA could review strategies and identify appropriate scales (regional, 

ecoregional, or local scales) at which a strategy could be implemented as well as assess which 

threats are considered the most severe across the landscape as well.  

Scale may determine how ENCSEVA and its partners participate in conservation actions, 

monitor the impact of those actions, and report meaningful metrics of success. The suite of 

strategies presented within this report should be considered as potential and competing 

alternatives to achieve conservation goals and mitigate threats as it is unlikely ENCSEVA or its 

partners (natural resource managers, conservation practitioners, government agencies, or land 

trusts) will have enough resources to implement and monitor all available strategies. Therefore, 

implementing any given strategy will have unique tradeoffs in terms of how it furthers progress 

towards a conservation target’s goal and/or mitigates a threat given the resources required for its 

implementation. To assess what strategies are already being implemented and at what scale, 

ENCSEVA could look to APNEP, which has reviewed potential partners throughout the 

ecoregion (D. Carpenter, personal communication). This information can help ENCSEVA 

prioritize its own strategic Plan and coordinate partner participation to make sure actions to 

mitigate threats and support targets are not redundant. 

Climate	  Change	  Vulnerability	  Assessments	  
Although climate change vulnerability assessments are not yet available for Virginia, the 

ecosystem assessments developed by NCNHP can serve to further ENCSEVA’s progress to 

develop strategies to increase landscape resilience for the entire geography. It is likely the 

NCNHP’s assessments could be extrapolated to habitats within southeastern Virginia as there are 

not dramatic climatic differences within the ecoregion (A. Terando, personal communication).  

The NCNHP ecosystem assessments include detailed information pertaining to habitat 

and species level effects, but there may be scenarios where a selected conservation target is not 

able to be crosswalked or reconciled with existing assessments. This is likely to be relevant for 

species-based conservation targets. When a conservation target is identified as a specific species, 

as opposed to an ecosystem or habitat, ENCSEVA could consider using the Climate Change 

Vulnerability Index (CCVI) tool. The CCVI is an efficient and cost effective method for 
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assessing climate change vulnerability and produces improved outputs for species specific 

targets. The NCNHP assessments also include specific threats and suggest management actions 

with consideration to other non-climate change stressors. A potential next step for ENCSEVA is 

to compare the threats and strategies identified within the NCNHP assessments to those 

identified through expert workshops and re-rank both threats and strategies across the landscape. 

It is likely that the threat rating to some conservation targets will change with the consideration 

of the compounded effects of climate change and as described within the NCNHP assessments as 

well as the rankings of strategies which could mitigate threats associated with climate change 

and other factors. 

Stakeholder	  Buy-‐in	  and	  Involvement	  
The participation of experts representative of multiple conservation groups and the 

Department of Interior agencies within the ecoregion serves to increase awareness of 

ENCSEVA’s mission, foster adaptive management, and support the development of 

collaborative landscape-scale conservation. Adaptive management is unique from other types of 

natural resource management as it includes the involvement of stakeholders in the attempt to 

reduce uncertainty by predicting potential strategic outcomes and then monitoring those 

outcomes (Irwin and Kennedy 2008). Our approach follows adaptive management principles by 

using expert knowledge to identify conservation targets and describe the relationship between 

targets and threats. These relationships (captured within conceptual diagrams) illustrate the 

current body of knowledge concerning causal relationships between specific anthropogenic 

activities and targets. Therefore, these diagrams can be used to develop hypotheses and decrease 

uncertainty about the system. This process can encourage collaborative conservation by 

including experts within the decision-making process, clearly articulating conservation targets 

that reflect the biodiversity of the geography, and through ENCSEVA’s development of 

strategies that could further the goals and objectives of multiple groups. ENCSEVA can continue 

to engage diverse groups as they refine goals for conservation targets, implement strategies, and 

develop monitoring programs to further the goal of achieving collaborative conservation. 
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Developing	  Quantitative	  Goals	  for	  Targets	  

This report provides a strategic portfolio, based on expert opinion, to address a variety of 

threats affecting target ecosystems as well as objectives to successfully monitor the effectiveness 

of these strategies. Based on this report, one or more strategies can be selected in order to 

conserve one or more targets and/or reduce a threat to one or more targets. Adaptive 

management requires that targets be associated with quantitative goals as a means to evaluate the 

status of a target as well as providing a basis for setting objectives to measure strategy 

effectiveness. However, this report provides qualitative goal statements for conservation targets. 

Developing quantitative goals and objectives requires a mix of modeling and empirical data 

collection (monitoring). Given that expert workshops were conducted within limited time frames 

and there was high uncertainty among participants regarding the identification of quantitative 

metrics for conservation targets, we did not identify specific and measurable conservation target 

goals. Therefore, we provide possible steps within this section for setting quantitative goals for 

conservation targets. While there is no prescription for selecting the “right” goal, there are some 

consistent criteria to consider that can aid in establishing goals that are both feasible and 

informative. Ideally, a quantitative goal includes a numeric target value, a deadline at which time 

success will be assessed (and, if necessary, either the goal or the strategy to achieve the goal 

altered), and a specific method by which progress towards the goal will be measured. 

The selected conservation targets fall within two general categories: habitat and species 

based targets. The relationship between species and habitats are closely related and well-studied 

(e.g., MacArthur and Wilson 1967; Tews et al. 2004). Information about habitats can inform 

species’ population goals, just as information about a species’ population can inform habitat 

goals. Therefore, information regarding both is necessary to set quantitative goals, though 

information can be drawn from diverse sources. Often both expert knowledge and empirical data 

are required to describe a target’s current status and evaluate what is feasible to set goals. 

Similarly, information collected both within the ENCSEVA scope and externally can inform 

ecoregional goals. We include potential criteria to identify and evaluate the value of these 

diverse information resources and to consider whether available data are adequate or inadequate 

to set goals for adaptive management of conservation targets. These criteria should not be 

viewed as an exhaustive list of steps to define quantitative goals, but rather as examples outlining 
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strategies to move forward from the current report towards fully implementing an adaptive 

management plan. 

Common	  Types	  of	  Habitat	  and	  Population	  Goals	  
Goals can reflect the abundance or distribution of a conservation target as well as its 

design, such as the conservation of an underlying ecological process upon which a target 

depends (TNC 2010). Goals for habitat targets (Table 27) typically focus on increasing or 

maintaining the area of high quality habitat in conservation (abundance). At the simplest level, a 

goal could state a desired amount of habitat to be protected, acquired, or restored within a given 

timeframe. Such a goal could be stated as an area of habitat, a percentage increase in the amount 

of habitat, or percentage of available habitat. In other cases, a goal may reflect outcomes 

predicted from complex spatial and decision optimization modeling (distribution and/or design 

goals). Such goals could be based on assumptions of biological function (e.g., desire to maximize 

connectivity, minimize fragmentation, or ensure redundancy) or socioeconomic and political 

considerations (e.g., proximity to existing managed lands, urgency of threat such as urbanization, 

or feasibility of habitat management strategy such as prescribed fire).  

Goals for species population targets (Table 27) often focus on abundance and distribution 

such as increasing the number of individuals, breeding pairs, or spatially independent 

populations of a given species. However, in cases where there is greater knowledge of the 

underlying biological mechanisms that maintain or threaten healthy populations, the goals could 

describe desired changes in vital rates, sex ratios, or genetic diversity. Analogous goals might be 

stated in situations where the greatest threat was known to disproportionally impact one life stage 

or sex, or where impediments to dispersal threatened the genetic integrity of a population. 

KEAs (see Appendix E) may help define target goals as they reflect the critical ecological 

resources and processes that support the viability of a conservation target. Also, KEAs describe 

the system dynamics that drive a target’s natural variation. Therefore, because KEAs often 

reflect the size, condition, and/or landscape context of a target in order to evaluate its status, they 

may also serve to support goal development (V. Swaminathan, personal communication). 
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Table 27. Examples of common types of habitat and population goals, stated in terms of an action, a quantitative goal, 
and a metric to evaluate success. These examples are purely illustrative; they have no basis in current planning or 
biological knowledge. Each quantitative goal would have an associated timeline to achieve and/or assess the goal. Most 
metrics would require observation and measurement in a Before/After, Control/Impact study design to determine 
correlation between actions and goal outcomes. 

 Action Quantitative Goal Metric 

H
ab

ita
t 

Acquire additional bottomland 
hardwood habitat 

Minimum 2,000 acres Area of habitat as mapped by GAP 

Improve quality of coastal marsh 
habitat in conservation 

Decrease phragmites cover in 
500 acres by 50 percent 

Percent cover of phragmites along 
100m transects 

Construct oyster reefs to reduce 
coastal habitat loss rate 

Minimum 30 percent decrease Distance (cm/yr) of coastline eroded 
behind oyster reefs 

Establish a corridor to connect 
habitat 

Successful dispersal of priority 
species between habitat patches 

Track movement of indicator species 

P
op

ul
at

io
n 

Increase population size 5,000 +/- 300 individuals Occupancy modeling with repeated 
count data to account for detection 
probability 

Increase number of breeding pairs Minimum 10 percent increase Annual inventory survey 

Establish new meta-population Minimum 30 pairs located at least 
100km from existing populations 

Monitor relocated pairs for survival 
and reproductive success to third 
generation 

Remove predators to increase nest 
survival 

Reduce annual nest predation by 
15 percent 

Monitor nests during breeding 
season 
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Setting	  Goals	  
Goals serve as the basis for defining conservation success. The selection of a specific 

goal will depend on many factors, which could include the need to conform to legal or 

organizational procedures, the quality of available data, the human and financial resources 

available to monitor target status, and the inherent variability of the system to be managed and 

monitored. Below, we describe activities likely to play a valuable role as ENCSEVA defines 

quantitative goals. The order and relative importance of these steps, however, could vary greatly 

among different targets. 

 
Assess the Context 

Goals must be appropriate to both the ecological and organizational contexts in which 

they will be addressed. This report and the summary of expert knowledge can serve as the basis 

for much of the material needed to evaluate context. Specifically, results chains are useful tools 

for identifying key partners to coordinate discussions about organizational resources, legal 

obligations, or any constraints. Also, this report describes situations or scenarios where a single 

target is affected by multiple threats. In such cases, it is likely that resource constraints will 

dictate how a strategy can be implemented to mitigate a single threat or a portion of the 

cumulative impacts of threats. It is important that the goal, as well as the associated metrics or 

measures of goal success, are defined in terms specific to the strategy. Similarly objectives, 

which are closely linked with strategic actions, can be monitored to gauge strategy effectiveness.  

To illustrate this concept consider the barrier island focal environment, where experts 

identified eight direct threats to the sea turtle nesting habitat conservation target. The direct 

threats “incompatible recreation” and “inappropriate artificial habitat alteration” rated as High, 

which indicates these threats are the most severe or damaging to this target in terms of scope, 

severity, and irreversibility. Experts identified three strategies to mitigate this threat, but only 

one, “acquisition/adaptive conservation on critical lands” ranked as Effective based on the 

feasibility of implementation and expected impact. Therefore, if ENCSEVA opts to engage in 

this strategy, then a potential goal for this conservation target could reflect a numeric increase of 

high quality nesting habitat free from a specific amount of artificial habitat alteration. Likewise, 

strategy objectives could reflect a reduction of artificial habitat alteration, which is the direct 

threat. 
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We also note that the setting of quantitative goals can occur independently of threats or 

strategies. In the case of the estuarine focal environment, the North East Oyster Restoration Plan, 

the North Carolina Division of Marine Fisheries, and The Nature Conservancy have established 

quantitative goals for the conservation target shell bottom habitat. This presents ENCSEVA with 

an opportunity to partner with these stakeholder groups and, after review, adopt existing goals. 

Thus, ENCSEVA could then develop strategies that are consistent with goals developed by 

stakeholders, and those strategies could include direct linkages between conservation or 

management actions, reducing threats, and the conservation target.  

Setting a habitat goal requires first establishing how much habitat is present, how much is 

in conservation, and, ideally, how much is realistically available for conservation. If a target’s 

current status is unknown, it becomes difficult to set a defensible quantitative goal. An early step 

in this process is to identify suitable map data, including data to represent habitat and data to 

represent conservation status. Data such as the National Land Cover Data (NLCD; 

http://www.mrlc.gov/), Gap Analysis Program (GAP; http://gapanalysis.usgs.gov/), National 

Wetlands Inventory (NWI; http://www.fws.gov/wetlands/), and Cropland Data Layer 

(CropScape; http://nassgeodata.gmu.edu/CropScape/) are common choices, but sometimes are 

too coarse resolution or too old to capture the status of a targeted habitat type. Regional products, 

such as Albemarle-Pamlico National Estuarine Program (APNEP; 

http://portal.ncdenr.org/web/apnep/maps) submerged aquatic vegetation maps, offer resolution 

more appropriate for local planning, but may offer less opportunity to partner with neighbors 

outside the focal area. Often a decision must be made whether to locally modify (i.e., add detail 

or update) a national product or to expand the extent of a regional product. Conservation status is 

mapped by the Gap Analysis Program, although again regional maps (e.g., National Wildlife 

Refuge acquisition boundaries) can provide important complementary information. 

Setting feasible, defensible population goals requires first estimating the current status of 

the population using the same metric that will be used to define the goal (e.g., individuals, 

breeding pairs, predation rate, etc.). National monitoring programs such as the National Park 

Service Inventory and Monitoring Program (http://science.nature.nps.gov/im/about.cfm), the 

Breeding Bird Survey (BBS; https://www.pwrc.usgs.gov/bbs/), the Christmas Bird Count (CBC; 

http://birds.audubon.org/christmas-bird-count), or the North American Amphibian Monitoring 

Program (NAAMP; http://www.pwrc.usgs.gov/naamp/) can provide an index of population 
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abundance and population change through time for some species as well as describe specific 

geographies where the information was collected. The status of many rare, secretive, or 

disturbance-avoiding species, however, is not well documented by some citizen-science all-

species surveys.  

 
Assess the Quality of Available Data 

The various described habitat and population goals depend on different kinds of data and 

have diverse tolerances for data problems. Ideally, data would be sufficient not only to quantify 

the current and desired target state, but also to identify and quantify the functional relationships 

between management actions and changes in the target state. If relevant, high quality data are 

abundant (e.g., locally collected, relevant temporal and spatial scope and resolution), it is 

possible to set quantitative goals while continuing to collect similar data. However, local 

empirical data often are found to be insufficient (or even absent). At this point, a decision must 

be made regarding whether to proceed despite data gaps or to gather more empirical data.  

Proceeding could be justified in situations where expert knowledge could be used to supplement, 

complement, or even substitute for empirical data (Perera et al. 2012). Alternatively, inference 

from limited data is possible, if modeling techniques allow the data gaps to be filled through 

extrapolation (e.g., extending beyond the scope of the available data) or interpolation (e.g., 

filling in gaps within available data). However, in some cases, an inventory of available 

resources may be necessary to establish a baseline level of knowledge and data upon which to 

base decisions. A potential action for ENCSEVA is to consult with researchers familiar with 

ecological modeling, decision analysis, and sampling design to provide valuable feedback and 

insight into available resources.  

 
Assess Monitoring Resources 

An adaptive management framework not only requires quantitative goals, but measuring 

progress towards goals to determine success or failure and thus advance learning. As a result, the 

resources available for monitoring habitats and populations should be considered as part of the 

goal-setting process. Progress toward a goal to increase a bird species’ reproductive success may 

be impossible to evaluate if there are inadequate resources to establish a nest monitoring 

program. In such a case, it may be more appropriate to set population goals that can be evaluated 

through repeated point counts and occupancy modeling. ENCSEVA can identify metrics to 
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include with goals by consulting with statisticians to gain insight into how much effort would be 

required to check assumptions and evaluate the resources required to establish an effective 

monitoring program under alternative goals.  

An often overlooked aspect of goals is the spatial extent and its relationship to monitoring 

success in an adaptive management framework. It is quite possible that habitat or populations 

continue to decline regionally, despite locally successful conservation efforts. For example, 

ENCSEVA could increase the amount of peatland pocosin habitat in conservation by 500 acres, 

yet at the same time 250 acres of unprotected land could be lost due to land conversion and 250 

acres of unprotected land lost to processes related to sea-level rise. Whether this illustrative 

scenario represents success or failure would depend how the goal had been defined (e.g., 

increase habitat in conservation, reduce habitat loss, or increase overall habitat area). As a 

second example, if the goal is to increase the number of breeding pairs of a species regionally, 

then the monitoring effort will have to be designed specifically to make regional-scale 

inferences. Inventory and monitoring of refuges alone would not be adequate to track regional 

progress, unless the habitat or species of interest is endemic to refuge lands. If resources are 

inadequate to support a regional monitoring design, it would usually be more appropriate to 

define goals at finer spatial scales.  

 
Select Metrics that Reinforce the Linkage between Goals and Decisions 

An effective goal should be stated in language linked to the management actions that will 

be implemented to reduce or mitigate the direct and indirect threats identified within results 

chains. For example, an annual inventory of migrating birds may not be an effective indicator of 

progress toward a goal of migration habitat restoration because many factors external to the 

restoration project affect the number of birds that will annually pass through the habitat. The 

action of habitat restoration will affect the quality and availability of forage or shelter resources 

and, presumably, the fitness of birds that use the habitat. Thus, more appropriate metrics to 

quantify the success of migration habitat restoration could be some measure of forage abundance 

or migrant weight gain. It is also important when stating goals to include language that captures 

the desire to increase habitat in conservation or availability. For example, if a goal is to protect 

100 acres of freshwater marsh, that goal does not reflect the overall desired state of the amount 

of freshwater marshes. It is possible to conserve 100 acres of freshwater marshes while also 
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experiencing an equal loss of freshwater marshes due to a threat that was not previously 

considered or known. A more appropriate goal would include language that described the overall 

desired amount of freshwater marsh, secured either through protection or another strategy. 

As previously stated, strategy selection to support a conservation target or reduce a threat 

is likely to be constrained by available resources such as budget and staffing. Therefore, it is 

important to consider levels of uncertainty associated with alternative strategies, especially when 

trying to implement a strategy in an adaptive management framework. Following results chains 

as a guide to strategic implementation allows practitioners and natural resource managers to 

evaluate how actions will influence intermediate results and objectives associated with results 

chains. Using decision process models, it is possible to evaluate various strategies to identify 

probabilities of transition as a strategic action moves between states (i.e., intermediate and final 

results) and explore model uncertainty (Collazo et al. 2013). Exploring model uncertainty can 

assist decision makers in selecting strategies likely to support goals as well as test the validity of 

metrics and assess the expenditure of resources related to monitoring expected results. 

 
Choose Strategy to Achieve the Goal 

In some cases, a pre-determined strategy will define the bounds of appropriate goals, 

while in other cases, multiple candidate strategies will be evaluated for their potential to achieve 

a pre-determined goal. In the context of the Open Standards framework, the inherent 

assumptions that describe how a strategy will achieve the ultimate desired impact are defined 

through results chains. The choice of strategy involves deciding which threat (or threats) to 

primarily address and by which path (or paths) through the results chains. Prioritization of 

alternative strategies could consider which actions are expected to produce the quickest results, 

to involve the most partners, to positively impact the most targets, or to be implemented 

immediately with existing funds. These questions involve value decisions beyond the “simple” 

biological questions of how much habitat or how many individuals is enough. Structured 

Decision Making could be a valuable tool when ENCSEVA must decide among alternative 

courses of action that addresses multiple objectives.  

To date, this effort has yielded information that will help ENCSEVA identify capacity 

needs to employ Strategic Habitat Conservation. Collected data serves to identify strategies that 

support landscape resilience to climate change as well as support the development of metrics to 
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monitor and evaluate how well strategies support conservation targets, reduce threat severity or 

scope, and are implemented. This process also encourages ENCSEVA’s mission of fostering 

collaborative, landscape-scale conservation, and adaptive management.  

 

Conclusion	  

The identification of a finite suite of targets serves to assist ENCSEVA’s communication 

with other conservation and natural resource management entities as well as focusing efforts. 

This report highlights the many possible actions and pathways by which progress towards habitat 

and population conservation can be achieved. Yet only in rare cases do experts have the data or 

knowledge to define quantitative, functional relationships between an action and the expected 

habitat or population outcome. Therefore, learning through adaptive management will be an 

essential component of ENCSEVA planning.  

We have identified the essential components of quantitative goals and pathways 

regarding how to select appropriate goals to maximize the opportunity to learn in an adaptive 

management setting. We emphasize the need to consider the spatial and temporal scale of the 

proposed actions in relation to the available data to define goals and resources available to 

monitor progress. Furthermore, we illustrate how results chains can facilitate formulating 

quantitative goals by identifying the key stakeholders and decision interactions that influence the 

magnitude of habitat or population change and might be realistically expected from a single 

decision or suite of decisions. We conclude by reiterating that quantitative goals can be set 

without complex data or decision modeling, although it is advisable to engage in some level of 

decision sketching and to consult a statistician knowledgeable of inventory and monitoring 

protocols. This will help ensure that the goals, and subsequent monitoring data, lead to 

improving the understanding of the functional relationships that underlie effective resource 

management decisions. ENCSEVA can also identify potential partners and stakeholders to 

involve in the review of conservation target goals as well as seek participation with the SALCC 

to reduce duplication of efforts and to adopt existing quantitative goals where possible.  
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Appendix	  A:	  Conservation	  Target	  Crosswalk	  with	  Climate	  Change	  
Vulnerability	  Assessments	  

 
The North Carolina Natural Heritage Program (NCNHP) developed ecosystem and 

species vulnerability assessments in 2010 in an effort to identify potential strategies to address 

impacts of climate change within the state (NC Natural Heritage Program 2010). We compared 

the NCNHP climate change vulnerability assessments methodology to guidelines described 

within the National Wildlife Federation’s “Scanning the Conservation Horizon: A Guide to 

Climate Change Vulnerability Assessment” (Glick et al. 2011). The NCNHP assessments 

include relevant geographic extents and appropriate modeling components to inform the 

ENCSEVA strategic comprehensive conservation plan. Therefore, we present the results of a 

crosswalk between conservation targets and available assessments within this appendix.  

We provide brief descriptions ecosystem groups identified via the crosswalk as 

representative of conservation targets and include tables that describe expected climate change 

impacts and ecosystem responses as they relate to conservation targets. Climate change factors 

include sea level rise (SLR), drought, fire, as well as other associated conditions. Not every 

conservation target was able to be crosswalked with an assessment, and in some instances, 

assessments represent more than one conservation target. We suggest ENCSEVA review the 

NCNHP assessments for each ecosystem crosswalked with a conservation target as the 

assessments provide greater detail than provided within this appendix. 
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1. Wetland conservation targets crosswalked with NCNHP ecosystem assessments  

Wet pine savannas 
We selected the NCNHP wet pine savannas ecosystem assessment to represent the 
conservation target wet pine savannas. The wet pine savanna assessment encompasses the 
natural communities of Sandhill seeps, wet pine flatwoods, and pine savannas.  

Isolated ephemeral wetlands 
We selected the NCNHP Coastal Plain depression communities and Piedmont upland pools 
and depressions ecosystem assessments to represent the isolated ephemeral wetlands 
conservation target. The depression communities ecosystem includes Carolina bays, cypress 
ponds, vernal pools, sand limesink ponds, swales between sand dunes and interdune ponds, 
small depression pocosins, small depression ponds, and cypress savannas. The Piedmont 
upland pools and depressions ecosystem is described as communities occurring in shallow 
depressions which hold water periodically, are devoid of fish and support amphibian 
communities and include upland pool and upland depression swamp forest communities.  

Non-riverine swamps 
We selected the NCNHP Coastal Plain non-alluvial mineral wetlands ecosystem assessment 
to represent the non-riverine swamps conservation target. This ecosystem is defined as flat, 
poorly drained areas occurring on the outer Coastal Plain and includes non-riverine swamp 
forests, non-riverine wet hardwood forests, and wet marl forest communities. 

Peatland pocosins 
We selected the NCNHP peatland pocosins ecosystem assessment to represent the peatland 
pocosins conservation target. The peatland pocosin ecosystems assessment encompasses 
pond pine woodland, bay forests, Atlantic White Cedar forests communities as well as low 
and high pocosins.  

Freshwater marshes 
We selected the NCNHP freshwater tidal wetlands and successional wetlands ecosystem 
assessments to represent the freshwater marsh conservation target. The successional wetlands 
ecosystem assessment focuses on non-forested habitats such as blackwater Coastal Plain 
floodplains, brownwater Coastal Plain floodplains, and Piedmont and mountain floodplains 
as well as artificially maintained habitats such as semi-permanent impoundments. 

Natural lakes and lakeshores 
We selected the NCNHP natural lake community assessment to represent the natural lakes 
and lakeshores conservation target. This assessment encompasses the deeper water systems 
that lack vegetation as well as the vegetated natural shoreline communities. 
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Table 1. Climate change impacts and predicted ecosystem responses crosswalked with wetland conservation targets.  

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate Change 
Factor 

Likelihood Effect Magnitude Ecosystem 
Response 

Likelihood Effect Magnitude 

Wet pine 
savanna 

Wet pine 
savanna 

Wind damage High Neg Medium Exotic species 
invasion 

High Neg Medium 

Mild winters High Mixed Low Compositional 
change 

Low Mixed Low 

Fire Low Mixed High Latitudinal change Low Positive Low 

Drought High Neg Low Structural change Medium Neg Low 

Isolated 
ephemeral 
wetlands  

Coastal Plain 
depression  
communities 

Wind damage High Neg Medium Exotic species 
invasion 

High Neg Medium 

Mild winters High Mixed Low Compositional 
change 

Low Mixed Low 

Fire Low Mixed Low Structural change Medium Neg Low 

drought High Neg Medium     

Piedmont 
upland pools/ 
depressions 

Wind damage Medium Neg Medium Structural change High Neg Medium 

Increased 
temperature 

High Neg Low Acreage change Medium Neg Low 

Drought High Neg Medium Compositional 
change 

Low Mixed Low 
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Table 1. Climate change impacts and predicted ecosystem responses crosswalked with wetland conservation targets 
(continued). 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate Change 
Factor 

Likelihood Effect Magnitude Ecosystem 
Response 

Likelihood Effect Magnitude 

Non-riverine 
swamps  

Coastal Plain 
non-alluvial 
mineral 
wetlands  

Mild winters High Mixed Low Structural change Medium Neg Medium 

Flooding Medium Mixed Low Compositional 
change 

Medium Mixed Low 

Fire Low Neg High Acreage change High Neg High 

Drought Medium Neg Low     

Wind damage High Neg Medium     

SLR (inundation)  High Neg High     

Peatlands  Peatland 
pocosins  

Wind damage High Neg Medium Compositional 
change 

Low Un-
certain 

Uncertain 

SLR (salt 
intrusion) 

High Neg Medium Structural change High Neg Medium 

SLR (inundation)  High Neg Low Acreage change High Neg Medium 

Mild winters High Mixed Low     

Fire High Mixed Medium     

Drought High Neg Medium     
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Table 1. Climate change impacts and predicted ecosystem responses crosswalked with wetland conservation targets 
(continued). 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate Change 
Factor Likelihood Effect Magnitude 

Ecosystem 
Response Likelihood Effect Magnitude 

Freshwater 
marshes  

Freshwater 
tidal wetlands  

Coastal erosion High Neg High Exotic Species 
Invasion 

Medium Neg Medium 

Increased 
temperature 

High Mixed Low Compositional 
Change 

Medium Mixed Low 

Drought High Neg Low Structural Change High Neg High 

Flooding High Mixed Low Inland Migration High Mixed High 

Wind damage High Neg Medium Acreage Change High Neg High 

Storm surge High Neg High     

SLR (intrusion) High Neg High     

SLR (inundation)  High Neg High     

Successional 
wetlands  

Flooding High Neg Medium Exotic Species 
Invasion 

High Neg High 

Increased 
temperature 

High Mixed Low Compositional 
Change 

High Mixed Uncertain 

Drought High Neg Low     
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Table 1. Climate change impacts and predicted ecosystem responses crosswalked with wetland conservation targets 
(continued). 

ENCSEVA 
Conservation 

Target 
NCNHP 

Assessment Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate Change 
Factor 

Likelihoo
d Effect Magnitude 

Ecosystem 
Response Likelihood Effect Magnitude 

Natural lakes 
and 
lakeshores  

Natural lake 
communities  

SLR (intrusion) Medium Neg Medium Exotic species 
invasion 

Medium Neg High 

SLR (inundation)  High Neg Medium Structural change Medium Neg Low 

Wind damage High Neg Low Compositional 
change 

Medium Mixed Low 

Increased 
temperature 

High Neg Low     

Flooding High Neg Medium     

Drought High Neg Medium     
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2. Riverine conservation targets crosswalked with NCCHP ecosystem assessments  

Diadromous fish 
The NCNHP ecosystem assessments do not address diadromous fish within freshwater riverine 
environments. 

Resident aquatic species 
The NCNHP ecosystem assessments do not directly address resident aquatic species. However, 
Coastal Plain large river communities, Coastal Plain stream/swamp communities, Piedmont 
large river communities, and Piedmont small river communities describe in-stream conditions 
and include species level effects on specific aquatic animals. We recommend referring to these 
assessments to develop specific climate change vulnerability assessments for species.  

Headwater streams 
We selected the NCNHP Piedmont headwater stream communities ecosystem assessment to 
represent the headwater streams conservation target. We note that this conservation target is 
not geographically limited to the Piedmont. 

Forested riparian communities 
We selected the NCNHP blackwater Coastal Plain floodplains, brownwater Coastal Plain 
floodplains, Piedmont and mountain floodplains, and successional wetlands ecosystem 
assessments to represent the forested riparian communities conservation target. Blackwater and 
brownwater floodplain ecosystems include rivers which originate in the Coastal Plain 
(blackwater) and the Piedmont (brownwater). These ecosystems also include bottomland 
hardwoods and forest canebreaks. Piedmont and mountain floodplain ecosystems include 
Piedmont/low mountain alluvial forests, and successional wetlands describe forested wetlands 
often occurring within floodplains.  
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Table 2. Climate change impacts and predicted ecosystem responses crosswalked with riverine conservation targets. 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate Change 
Factor 

Likelihood Effect Magnitude Ecosystem 
Response 

Likelihood Effect Magnitude 

Diadromous 
Fish 

N/A         

Resident  
aquatic 
species 

Coastal Plain 
large river 
communities 

SLR (inundation) High Neg High Acreage change High Neg Low 

Increased 
temperature 

High Neg High Phenological 
disruption 

Low Neg Med 

Hot spells High Neg High Sediment transport High Neg High 

SLR (salt 
intrusion) 

High Neg High Exotic species 
invasion 

Low Neg Med 

Flooding High Neg High Compositional 
change 

High Neg High 

Drought High Neg Med Structural change High Neg High 

    Flow regime High Neg Med 

    Channel 
hydrodynamics 

High Neg High 
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Table 2. Climate change impacts and predicted ecosystem responses crosswalked with riverine conservation targets 
(continued). 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate Change 
Factor 

Likelihood Effect Magnitude Ecosystem 
Response 

Likelihood Effect Magnitude 

Resident  
aquatic 
species 

Coastal 
Plain stream/ 
swamp 
communities 

Increased 
temperature 

High Neg High Acreage change High Neg High 

SLR 
(inundation) 

High Neg High Phenological 
disruption 

Low Neg High 

Hot spells High Neg High Exotic species 
invasion 

Low Neg Med 

Flooding High Neg High Flow regime High Neg High 

Drought High Neg High Sediment transport High Neg High 

SLR (salt 
intrusion) 

High Neg High Channel 
hydrodynamics 

High Neg High 

Hot spells High Neg High Compositional 
change 

Med Neg High 

    Phenological 
disruption 

Low Neg High 

    Exotic species 
invasion 

Low Neg Med 
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Table 2. Climate change impacts and predicted ecosystem responses crosswalked with riverine conservation targets 
(continued). 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate Change 
Factor 

Likelihood Effect Magnitude Ecosystem 
Response 

Likelihood Effect Magnitude 

Resident  
aquatic 
species 

Piedmont 
large river 
communities 

Increased 
temperature 

Med Neg Med Compositional 
change 

Med Neg High 

Hot spells Med Neg High Channel 
hydrodynamics 

Med Neg High 

Flooding Med Mixe
d 

Med Phenological 
disruption 

Low Neg High 

Drought Med Neg Med Flow regime Med Neg High 

    Sediment transport Med Neg Med 

    Exotic species 
invasion 

High Neg Med 

Piedmont 
small river 
communities 

Increased 
temperature 

High Neg High Phenological 
disruption 

Low Neg High 

Hot spells High Neg High Compositional 
change 

Med Neg High 

Flooding High Neg High Channel 
hydrodynamics 

High Neg High 

Drought High Neg High Flow regime High Neg  High 

    Sediment transport High Neg High 

    Exotic species 
invasion 

Low Neg Low 
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Table 2. Climate change impacts and predicted ecosystem responses crosswalked with riverine conservation targets 
(continued). 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate 
Change Factor Likelihood Effect Magnitude 

Ecosystem 
Response Likelihood Effect Magnitude 

Headwater 
streams 

Piedmont 
headwater 
stream 
communities  

Increased 
temperature 

High Neg High Compositional 
change 

Med Neg High 

Hot spells High Neg High Channel 
hydrodynamics 

High Neg High 

Flooding High Neg High Flow regime High Neg High 

Drought High Neg high Sediment transport High Neg High 

Forested 
riparian 
communities 

Blackwater 
Coastal Plain 
floodplains  

Wind damage Med Neg Med Channel 
hydrodynamics 

Med Neg Med 

SLR (salt 
intrusion) 

High Neg High Exotic species 
invasion 

High Neg Med 

SLR 
(inundation) 

High Neg High Structural change Med Neg Med 

Mild winters High Neg High Compositional 
change 

High Mixed Low 

Increased 
temperature 

High Neg Med Acreage change High Neg Med 

Flooding High Neg Uncertain     

Drought High Neg Low     
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Table 2. Climate change impacts and predicted ecosystem responses crosswalked with riverine conservation targets 
(continued). 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate Change 
Factor Likelihood Effect Magnitude 

Ecosystem 
Response Likelihood Effect Magnitude 

Forested 
riparian 
communities 

Brownwater 
Coastal Plain 
floodplains 

SLR 
(inundation) 

High Neg Med Exotic species 
invasion 

High Neg Med 

Wind damage Med Neg Med Compositional 
change 

High Mixe
d 

Low 

Mild winters High Neg High Structural change Med Neg Med 

Flooding High  Med Acreage change High Neg Med 

Drought High Neg Low     

SLR (salt 
intrusion) 

High Neg Med     

Piedmont and 
mountain 
floodplains 

Drought High Neg Med Exotic species 
invasion 

High Neg Med 

Mild winters Med Neg Med Structural change Med Neg Med 

Flooding High Neg Med Compositional 
Change 

Med Neg Low 

    Acreage change Low Pos Low 

Successional 
wetlands 

Flooding High Neg Med Exotic species 
invasion 

High Neg High 

Increased 
temperature 

High Mixe
d 

Low Compositional 
change 

High Mixe
d 

Uncertain 

Drought High Neg Low     
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3. Estuarine conservation targets crosswalked with NCNHP ecosystem assessments  

Submerged aquatic vegetation (SAV) 
The NCNHP ecosystem assessments do not address SAV within estuarine environments. 

Shell bottom 
The NCNHP ecosystem assessments do not address shell bottom within estuarine 
environments. 

Natural shore zones 
We selected the NCNHP salt flats ecosystem assessment to represent the natural shore zones 
conservation target. We note that the natural shore zones conservation target includes more 
communities than salt flats. 

Estuarine wetlands 
We selected the NCNHP estuarine communities ecosystem assessment to represent the 
estuarine wetlands conservation target. This assessment is described as communities affected 
by tidal waters in and along the sounds and drowned river mouths including salt marshes, 
brackish marshes, salt flats, and salt shrub communities.  

Estuarine dependent species 
The NCNHP ecosystem assessments do not directly address the specific estuarine dependent 
species identified within this report.  
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Table 3. Climate change impacts and predicted ecosystem responses crosswalked with estuarine conservation targets. 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate 
Change Factor 

Likelihood Effect Magnitude Ecosystem 
Response 

Likelihood Effect Magnitude 

SAV N/A         

Shell bottom N/A         

Natural shore 
zones 

N/A Storm Surge High Neg Med Inland migration High Mixed High 

Flooding High Neg Low Elevation change High Mixed High 

Drought High Neg Low Compositional 
change 

High Mixed Med 

Coastal Erosion High Neg Med Acreage change High Unknown  

SLR 
(inundation) 

High Neg High     

SLR (Intrusion) High Neg High     

Estuarine 
wetlands 

Estuarine 
Communities 

Storm Surge High Neg Med Inland migration High Mixed High 

Flooding High Neg Low Elevation change High Mixed High 

Drought High Neg Low Compositional 
change 

High Mixed Med 

Coastal Erosion High Neg Med Acreage change High Unkn  

SLR 
(inundation) 

High Neg High     

SLR (Intrusion) High Neg High     

Estuarine 
dependent 
species 

N/A         
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4. Upland conservation targets crosswalked with NCNHP ecosystem assessments 

Dry longleaf pine communities 
We selected the NCNHP dry longleaf pine communities ecosystem assessment to represent the 
dry longleaf pine conservation target. This assessment describes habitat-level effects for 
piedmont longleaf pine forests, coastal fringe sandhill, xeric sandhill scrub, pine/scrub oak 
sandhill, and mesic pine flatwoods as natural communities.  

Xeric hardpan woodlands 
We selected the NCNHP xeric hardpan forests ecosystem assessment to represent the xeric 
hardpan woodlands conservation target. This assessment includes the Piedmont and Coastal 
Plain oak forests. 

Early successional habitats 
We selected the NCNHP successional and ruderal uplands ecosystem assessment to represent 
the early successional habitats conservation target. This assessment describes these 
communities as herb and shrub dominated, which develop after a natural or anthropogenic 
disturbance, and includes semi-natural habitats associated with farmlands, ecotones, and utility 
corridors. 

Oak/hickory forests 
We selected the NCNHP Piedmont and Coastal Plain oak forests ecosystem assessment to 
represent oak/hickory forests conservation target. This assessment describes forests dominated 
by oaks with some hickory, and which occur on upland flats and includes Piedmont 
monadnock and xeric hardpan forests. 

Mesic forests 
We selected the NCNHP Piedmont and Coastal Plain mesic forests ecosystem assessment to 
represent the mesic forest conservation target. The assessment includes both basic mesic 
forests and mesic mixed hardwood forests which occur within the Piedmont and Coastal Plain. 

Granitic outcropping and glades 
We selected the NCNHP granitic outcropping and glades ecosystem assessment to represent 
the granitic outcropping and glades conservation target. This assessment describes flat, 
exposed outcrops of granitic rocks and their associated flora. 
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Table 4. Climate change impacts and predicted ecosystem responses crosswalked with upland conservation targets. 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate Change 
Factor 

Likelihood Effect Magnitude Ecosystem 
Response 

Likelihood Effect Magnitude 

Dry longleaf 
pine 
communities 

Dry longleaf 
pine 
communities 

Wind damage High Neg Med Exotic species 
invasion 

High Neg High 

Mild winters High Mixed Low Compositional 
change 

Low Mixed  

Fire Low Mixed  Latitudinal 
change 

Low Pos Low 

    Structural 
change 

Med Neg Low 

Xeric 
hardpan 
communities 

Piedmont 
and 
mountain dry 
coniferous 
woodlands 

Wind damage High Mixed Med Structural 
change 

Med Neg Low 

Fire Med Mixed Med Elevation 
change 

High Pos Low 

Drought High Mixed Med Compositional 
change 

Med Mixed Low 

    Acreage 
change 

Med Pos Low 

Early 
successional 
habitats 

Successional 
and ruderal 
uplands 

Increased 
temperature 

High Mixed High Exotic species 
invasion 

High Neg High 

Drought High Mixed High Compositional 
change 

High Mixed Med 
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Table 4. Climate change impacts and predicted ecosystem responses crosswalked with upland conservation targets 
(continued). 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate Change 
Factor 

Likelihood Effect Magnitude Ecosystem 
Response 

Likelihood Effect Magnitude 

Oak/hickory 
forests 

Piedmont 
and Poastal 
Plain oak 
forests 

Wind damage High Neg High Structural 
change 

Med Neg Med 

Mild winters High Mixed Low Exotic species 
invasion 

Med Neg Med 

Hot spells High Mixed Low Compositional 
change 

Low Neg Med 

Fire Med Mixed High Acreage change Med Pos Low 

Drought High Neg Med     

Increased 
temperature 

High Mixed Med     

Mesic forests Piedmont 
and Coastal 
Plain mesic 
forests 

Flooding Med Neg Low Compositional 
change 

Med Mixe
d 

Low 

Wind damage High Neg High Structural 
change 

High Neg Med 

Mild winters High Mixed Low Exotic species 
invasion 

Med Neg Low 

Hot spells High Neg Med Acreage change High Neg Low 

Drought High Neg Med     
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Table 4. Climate change impacts and predicted ecosystem responses crosswalked with upland conservation targets 
(continued). 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate Change 
Factor 

Likelihood Effect Magnitude Ecosystem 
Response 

Likelihood Effect Magnitude 

Granitic 
outcroppings 
and glades 

Granitic 
flatrocks 

Wind damage Med Pos Med Exotic species 
invasion 

Med Neg High 

Drought Med Pos Med Structural change Med Pos Low 

Fire Med Neg High Compositional 
change 

Med Pos Low 

Increased 
temperature 

High Pos Med     
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5. Barrier island conservation targets crosswalked with NCNHP ecosystem assessments  

Barrier Island Landforms  
The NCNHP ecosystem assessments do not address barrier islands landforms within barrier 
island environments. 

Maritime vegetated communities 
We selected the NCNHP maritime grasslands, maritime upland forests, and maritime wetland 
forests ecosystem assessments to represent the maritime vegetated communities conservation 
target. The maritime grasslands assessments include maritime wet and dry grasslands, dune 
grass, and upper beach grassland communities. The maritime upland forests assessment 
describe well established forests, maritime shrubs found around dunes, salt flats and swales, 
and maritime deciduous forests. The maritime wetland forests assessments refer to forests on 
wet sites and include maritime swamps. 

Barrier Island Dependent Birds  
The NCNHP ecosystem assessments do not address barrier island dependent birds as identified 
within this report. 

Sea Turtle Nesting Habitat  
The NCNHP ecosystem assessments do not address sea turtle nesting habitats within barrier 
island environments. 
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Table 5. Climate change impacts and predicted ecosystem responses crosswalked with upland barrier island conservation 
targets. 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

  Climate 
Change Factor 

Likelihood Effect Magnitude Ecosystem 
Response 

Likelihood Effect Magnitude 

Barrier island 
landforms 

N/A         

Maritime 
vegetated 
communities 

Maritime 
grasslands 

Coastal 
erosion 

High Neg High Latitudinal change Med Mixed Med 

Storm surge High Neg High Increased 
fragmentation 

High Neg Med 

Mild winters High Mixed Low Exotic species 
invasion 

Med Neg Med 

SLR (salt 
intrusion) 

Med Neg Med Elevation change High Neg Med 

SLR 
(inundation) 

High Neg High Compositional 
change 

Med Mixed Med 

    Acreage change High Neg High 

Maritime 
upland 
forests 

Coastal 
erosion 

High Neg High Latitudinal change High Mixed Low 

Wind damage High Neg High Acreage change High Neg Med 

Storm surge High Neg Med Structural change High Neg Med 

SLR 
(inundation) 

High Neg High     
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Table 5. Climate change impacts and predicted ecosystem responses crosswalked with upland barrier island conservation 
targets (continued). 

ENCSEVA 
Conservation 

Target 

NCNHP 
Assessment 

Targets Predicted Impacts of Climate Change Predicted Ecosystem Responses 

Maritime 
vegetated 
communities 

Maritime 
wetland 
forests 

SLR (salt 
intrusion) 

Med Neg High Structural change Med Neg Med 

SLR 
(inundation) 

High Neg High Acreage change High Neg High 

Storm surge High Neg High     

Wind damage High Neg High     

Coastal Erosion High Neg High     

Barrier 
island--
dependent 
birds 

N/A         

Sea turtle 
nesting 
habitat 

N/A         

 
 
 



 
 

 
 

Appendix	  B:	  Threat	  Rankings	  
 

This appendix presents threats identified by experts during elicitation workshops and 

threat rankings. We calculated threat ratings using Miradi’s simple threat ranking mode which 

assigned scores based on three attributes: scope, severity, and the irreversibility of threat impacts. 

Experts ranked threats through consensus based on these attributes during workshops. We 

present the tabular results by focal environments. We also include the combined threats and 

synergistic impacts caused by climate change factors as developed by the NCNHP climate 

change vulnerability assessments.  

The NCNHP climate change vulnerability assessments use the Climate Wizard mid-

century (2050s) ensemble average model with the medium A1B emission scenario (Maurer et al. 

2007) to estimate regional changes in temperature, frequency of droughts, floods, wind damage, 

and wildfires. Climate change threats identified within the vulnerability assessments summarize 

predicted impacts to ecosystems and compare those impacts with other non-climate related 

threats (L. Gadd, personal communication). A priority ranking is also assigned to threats 

associated with climate change, which represents the rough order of importance. Threats 

perceived as having equal importance are given the same rank value. More detailed information 

is available on the NCNHP website (http://portal.ncdenr.org/web/nhp/ecosystem-climate-

assessment). 
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Table 1.1 Direct threat rankings and biological stresses to wetland conservation targets. 

Direct Threats Biological Stress 

ENCSEVA Conservation Targets  

Freshwater 
Marsh Peatlands 

Natural Lakes 
& Lakeshores 

Non-
Riverine 
Swamps 

Isolated 
Ephemeral 
Wetlands 

Wet Pine 
Savanna 

Summary 
Threat 
Rating 

Invasives/exotics  -‐ Predation and competition 
-‐ Habitat degradation 

High  Medium  High  High  Low  High  High  

Ditches/drains  -‐ Altered hydrology High  High  Medium  High  Medium  Medium  High  

Non-point source pollution 
(Agricultural and 
stormwater runoff) 

-‐ Reduced water quality 
 

Low  Low  Medium  Medium  Low  Low  Medium  

Fire exclusion  -‐ Habitat degradation Low  Medium    Medium  Medium  Medium  
Wildfires worsened by 
human actions  

-‐ Habitat degradation  High   Low    Medium  

Conversion to tree 
plantation  

-‐ Habitat loss Low  Medium   Low  Medium  High  Medium  

Aerial emissions from 
poultry farms and smoke 
stacks  

-‐ Habitat degradation  
-‐ Spread of ammonia 

Low  Medium  Medium  Low  Low  Low  Medium  

Mining   Low  High   Medium  Low   Medium  
Transportation and utility 
corridor construction and 
maintenance  

-‐ Habitat loss Low  Low  Medium  Medium  Low  Low  Medium  

Filling  -‐ Habitat loss Low  Medium  Low  Medium  Medium  Low  Medium  
Conversion to agriculture  -‐ Habitat loss Low  High   Medium  Medium  Low  Medium  
Point source pollution -‐ Habitat degradation 

-‐ Reduced water quality 
Low    Low    Low  

Logging  -‐ Habitat degradation  Low   Medium  Low  Low  Low  
Summary Target Ratings   High  High  Medium  High  Medium  High  High  
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Table 1.2 Combined threats and synergistic impacts to wetland conservation targets. 

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Combined Threats and Synergistic Impacts Priority 

Wet pine savanna 
  

Wet pine 
savanna 
  
  
  
  

Development 1 
Conversion to agriculture /silviculture 2 

Logging /exploitation 2 

Fire 3 

Climate change 4 

Isolated ephemeral 
wetlands 
  
  
  
  
  
  
  
  
  

Coastal Plain 
depression 
communities 

Development 1 
Conversion to Agriculture /silviculture 1 
Fire 1 
Climate change 2 

Groundwater depletion 2 

Piedmont upland 
pools and 
depressions 
  

Logging /exploitation 1 
Development 1 
Climate change 2 

Flood regime alteration 3 

Invasive species 3 

Non-riverine wetlands Coastal Plain 
non-alluvial 
mineral wetlands 

Climate change 1 
Flood regime alteration 1 
Logging /exploitation 1 
Invasive species 2 

Conversion to agriculture/silviculture 2 

Peatlands 
  

Peatland 
pocosins 
  

Logging /exploitation 1 
Flood regime alteration 2 

Fire 3 

Conversion to agriculture/silviculture 3 

Climate change 4 

Freshwater marshes Freshwater tidal 
wetlands 

Climate change 1 
Invasive species 2 

Logging/Exploitation 3 

Fire 3 

Flood regime alteration 4 
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Table 1.2 Combined threats and synergistic impacts to wetland conservation targets 
(continued). 

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Combined Threats and Synergistic Impacts Priority 

Freshwater marshes 
  
  
  

Successional 
wetlands 

Beaver eradication 1 
Impoundments 2 

Conversion to agriculture/silviculture 2 

Water withdrawals 3 

Flood regime alteration 3 

Climate change 3 

Natural lakes and 
lakeshores 
  
  
  
  
  

Natural lake 
communities 
  

Pollution 1 
Development  1 
Invasive species 2 

Impoundments 3 

Logging/exploitation 4 

Climate change 4 
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Table 2.1 Direct threat rankings and biological stresses to riverine conservation targets.  

Direct Threats Biological Stress 

ENCSEVA Conservation Targets 

Diadromous 
Fish 

Riparian 
Forested 

Communities 

Resident 
Aquatic 
Species 

Headwater 
Streams 

Summary 
Threat 
Rating 

Inappropriate channel 
modification 

-‐ Channel habitat loss, homogenization 
-‐ Flow alteration 

Medium  High Very High High 

Inappropriate water 
impoundment, release, and 
withdrawal 

-‐ Flow alteration  
-‐ Habitat loss and/or reductions in 
connectivity due to low water  
-‐ Demographic and genetic isolation 
-‐ Inability to reach optimal spawning and 
feeding habitats 

Very High High High Very High Very High 

Invasive/exotic species -‐ Predation and competition 
-‐ Habitat degradation 
-‐ Reduced foraging resources 
-‐ Disease from aquaculture facilities 

Medium Very High High  High 

Loss of riparian habitat -‐ Lack of appropriate habitat for spawning 
fish leading to decline in fish populations 
-‐ Lack of habitat complexity (sinuosity) 
-‐ Habitat degradation and alterations 

Medium High High High High 

Non-point source pollution -‐ Increased levels of nitrogen, 
phosphorus, fecal coliform bacteria, 
ammonia, and chlorophyll a 
-‐ Reduced water quality 
-‐ Thermal changes due to discharge 

Medium  Medium Very High High 

Obstructions to stream flow  -‐ Flow alteration  
-‐ Localized extirpation 
-‐ Inability to reach optimal spawning and 
feeding habitats 
-‐ Demographic and genetic isolation  
-‐ Connectivity loss or reduction 

High  Medium Very High High 

Poaching and overfishing -‐ Localized extirpation 
-‐ Fish population declines 

Low  Low  Low 
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Table 2.1 Direct threat rankings and biological stresses caused by direct threats to riverine conservation targets 
(continued). 

Direct Threats Biological Stress 

ENCSEVA Conservation Targets 

Diadromous 
Fish 

Riparian 
Forested 

Communities 

Resident 
Aquatic 
Species 

Headwater 
Streams 

Summary 
Threat 
Rating 

Point source pollution -‐ Increased levels of nitrogen, 
phosphorus, fecal coliform bacteria, 
ammonia, and chlorophyll a 
-‐ Low levels of dissolved oxygen leading 
to dead zones  
-‐ Reduced water quality 
-‐ Disease caused by aquaculture facilities 
-‐ Thermal changes due to discharge 

Low  High Low Medium 

Summary Target Ratings   High High High Very High Very High 
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Table 2.2 Combined threats and synergistic impacts to riverine conservation targets.  

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Threat Priority 

Diadromous fish N/A   

Resident aquatic 
species 

N/A   

Headwater streams Piedmont 
headwater 
stream 
communities 

Development 1 

Climate change 2 

Lack of riparian vegetation 2 

Logging/exploitation 2 

Flood regime alteration 3 

Invasive species 4 

Cattle in streams 4 

Pollution 5 

Forested riparian 
forests 

Blackwater 
Coastal Plain 
floodplains  

Flood regime alteration  

Logging/exploitation 1 

Groundwater depletion 2 

Invasive species 2 

Climate change 3 

Brownwater 
Coastal Plain 
floodplains 

Logging/exploitation 1 

Climate change 2 

Invasive species 2 

Flood regime alteration 2 

Conversion to agriculture/sivilculture 3 

Forested riparian 
forests 

Piedmont and 
mountian 
floodplains 

Logging 1 

Development 2 

Invasive species 3 

Flood regime alteration 4 

Groundwater depletion 5 

Climate change 6 
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Table 2.2 Combined threats and synergistic impacts to riverine conservation targets 
(continued). 

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Threat Priority 

Forested riparian 
forests 

Successional 
wetlands 

Beaver eradication 1 

Impoundments 2 

Conversion to agriculture/silviculture 2 

Water withdrawals 3 

Groundwater depletion 3 

Flood regime alteration 3 

Climate change 3 
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Table 3.1 Direct threat rankings and biological stresses to estuarine conservation targets. 

Direct Threats Biological Stress 

ENCSEVA Conservation Targets 
Estuarine 

Dependent 
Species SAV 

Natural 
Shore 
zones 

Estuarine 
Wetlands 

Shell 
Bottom 

Summary 
Threat 
Rating 

Poaching -‐ Localized extirpation 
-‐ Population declines 

     N/A 

Estuarine debris -‐ Entanglement and ingestion Low Low Low Low Low Low 

Invasives/exotics -‐ Over competition 
-‐ Diseases 
-‐ Localized extinctions 

Low Medium  Medium Low Medium 

Obstructions to fish passage 
and hydrologic alteration 

-‐ Flow alterations 
-‐ Connectivity loss to potential habitat 
-‐ Interference with larvae passage and ability of  

early juveniles to travel from spawning habitat to 
estuarine nursery areas 

Low   High  Medium 

Inappropriate water 
impoundment, release, and 
withdrawal 

-‐ Water quality degradation 
-‐ Shoreline erosion 
-‐ Decreased hydrologic connectivity 

Low   Low  Low 

Physical modification of 
habitat 

-‐ Turbidity and sedimentation 
-‐ Habitat loss 

Medium Low Medium Low Medium Medium 

Point source pollution -‐ Algal blooms and hypoxia resulting in fish kills 
and/or deformed fish 

-‐ Delivery of nutrients, sediment, and toxic 
chemicals to estuarine systems 

-‐ Turbidity and sedimentation 

Medium Low Low Low Low Low 

Non-point source pollution -‐ Algal blooms and hypoxia resulting in fish kills 
and/or deformed fish 

-‐ Delivery of nutrients, sediment, and toxic 
chemicals to estuarine systems 

-‐ Turbidity and sedimentation  

Medium High Medium Low High High 

Overfishing -‐ Reduced populations for targeted species  Medium    Low Low 
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Table 3.1 Direct threat rankings and biological stresses caused by direct threats to estuarine conservation targets 
(continued). 

Direct Threats Biological Stress 

ENCSEVA Conservation Targets 
Estuarine 

Dependent 
Species SAV 

Natural 
Shore 
zones 

Estuarine 
Wetlands 

Shell 
Bottom 

Summar
y Threat 
Rating 

Bycatch -‐ Reduced populations for targeted species  High    Low Medium 

Summary Target Ratings  Medium Medium Medium Medium Medium High 
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Table 3.2 Combined threats and synergistic impacts to estuarine conservation targets. 

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Combined Threats and Synergistic Impacts Priority 

SAV N/A   

Shell bottom N/A   

Natural shore zone Estuarine 
communities 

Climate change 1 

Pollution 2 

Development 2 

Estuarine wetlands  Climate change 1 

Pollution 2 

Development 2 

Estuarine-dependent 
species 

N/A   
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Table 4.1 Direct threat rankings and biological stresses to upland conservation targets.  

Direct Threats Biological Stress 

ENCSEVA Conservation Targets 

Mesic 
Forests 

Dry 
Longleaf 

Pine 

Oak/ 
Hickory 
Forest 

Granitic 
Outcroppings 

& Glades 

Early 
Succession 

Habitats 

Xeric 
Hardpan 

Woodlands 

Summary 
Threat 
Rating 

Changes in water table/ 
hydrology alterations 

-‐ Habitat degradation Low Low Low   High Medium 

Fire exclusion -‐ Habitat degradation  Medium High   Medium Medium 

Habitat loss and 
fragmentation 

-‐ Fragmentation 
-‐ Erosion and mass soil 

movement  
-‐ Disruption to species 

dispersal/movements  
-‐ Habitat degradation 
-‐ Increase in exotic invasive 

species 

High High Very 
High 

 Low Medium High 

Inappropriate recreation -‐ Habitat degradation 
-‐ Increase in exotic invasive 

species 

Low Low Low High  Low Medium 

Incompatible pine straw 
production 

-‐ Habitat degradation  Medium     Low 

Invasive species, exotics, 
pathogens 

-‐ Habitat degradation 
-‐ Diseases/pathogens 

(gypsy moth, wilt disease) 
-‐ eradication of host plants  
-‐ Change in hydrology 

High Low Medium Medium High Low High 

Poaching -‐ Population declines Low Low Low Low Low Low Low 

Wildlife population imbalance -‐ Habitat degradation Medium Low Medium Low Low Medium Medium 

Summary Target Ratings  High High Very 
High 

Medium Medium Medium High 

 



 
 

B-12 
 

Table 4.2 Combined threats and synergistic impacts to upland conservation targets.  

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Combined Threats and Synergistic Impacts Priority 

Dry longleaf pine 
communities 

Dry longleaf pine 
communities 

Development 1 

Logging/exploitation 2 

Conversion to agriculture/silviculture 2 

Fire 3 

Climate change 4 

Xeric hardpan 
communities 

Piedmont and 
Coastal Plain oak 
forests 

Development 1 

Logging/exploitation 2 

Invasive species 3 

Fire 4 

Climate change 5 

Piedmont and 
mountain dry 
coniferous 
woodlands 

Fire 1 

Logging/exploitation 2 

Invasive species 2 

Development 3 

Climate change 4 

Early successional 
habitats 

Successional and 
ruderal uplands 

Conversion to agriculture/silviculture 1 

Pollution 2 

Invasive species 2 

Climate change 3 

Oak/hickory Forests Piedmont and 
Coastal Plain oak 
forests 

Development 1 

Logging/exploitation 2 

Invasive species 3 

Fire 4 

Climate change 5 

Mesic forests Piedmont and 
Coastal Plain 
mesic forests 

Development 1 

Logging/exploitation 1 

Invasive species 2 

Climate change 3 
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Table 4.2 Combined threats and synergistic impacts to upland conservation targets 
(continued). 

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Combined Threats and Synergistic Impacts Priority 

Granitic outcroppings 
and glades 

Granitic flatrocks Mining 1 

Development 1 

Invasive species 2 

Climate change 3 
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Table 5.1 Direct threat rankings and biological stresses to barrier island conservation targets. 

Direct Threats Biological Stress 

ENCSEVA Conservation Targets 

Barrier 
Island 

Landforms 

Barrier 
Island 

Vegetation 

Barrier 
Island–

Dependent 
Birds 

Sea Turtle 
Nesting 
Habitat 

Summary 
Threat 
Rating 

Incompatible habitat 
alteration 

-‐ Natural process loss/disruption 
-‐ Habitat loss and degradation 
-‐ Localized loss of freshwater lens  
-‐ Erosion  
-‐ Disruption to species dispersal/movements 

High Medium High Medium High 

Fire suppression -‐ Habitat degradation 
-‐ Fuel overloading 

 Low   Low 

Energy resources 
development 

-‐ Habitat loss and degradation 
-‐ Direct kill or decreased species fitness from 

exposure (oil spills) 
-‐ Loss of freshwater lens 

Medium Medium Low Low Medium 

Beach debris -‐ Habitat degradation 
-‐ Entanglement or ingestion  

  Medium Low Low 

Light pollution  -‐ Habitat degradation 
-‐ Reduced nesting and hatching success 

   High Medium 

Non-point source pollution -‐ Reduced water quality 
-‐ Habitat degradation  
-‐ Nutrient loading 
-‐ Habitat shifts 
-‐ Reduces species fitness (exposure)  

 Medium Low Low Low 

Invasives/exotics -‐ Decreased native populations 
-‐ Increased competition 
-‐ Disease 
-‐ Habitat loss and degradation 

Low Medium High Low Medium 

Incompatible recreation -‐ Habitat degradation 
-‐ Nest disturbance 

Medium Medium High High High 
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Table 5.1 Direct threat rankings and biological stresses to barrier island conservation targets (continued). 

Direct Threats Biological Stress 

ENCSEVA Conservation Targets 

Barrier 
Island 

Landforms 

Barrier 
Island 

Vegetation 

Barrier 
Island– 

Dependent 
Birds 

Sea Turtle 
Nesting 
Habitat 

Summary 
Threat 
Rating 

Wildlife population 
imbalance 

-‐ Over predation of native species 
-‐ Increased nutrient loading 
-‐ Removal of vegetation (understory) 
-‐ Over competition 
-‐ Increased risk of diseases affecting public 
health (lime disease) 

 Medium High Med  

Depletion of freshwater 
aquifer  

-‐ Loss of freshwater resources 
-‐ Salt water intrusion 
-‐ Lower water table 

Very 
High High   High 

Point source pollution -‐ Habitat degradation 
-‐ Changes in water temperature 
-‐ Turbidity 
-‐ Invasives 

 Low   Low 

Summary Target Ratings  High High High High High 
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Table 5.2 Combined threats and synergistic impacts to barrier island conservation 
targets. 

ENCSEVA 
Conservation Target 

NCNHP 
Assessment Threat Priority 

Barrier island 
landforms 

N/A   

Barrier island 
vegetated 
communities 

Maritime 
grasslands 

Development 1 

Climate change  1 

Invasive species  2 

Maritime 
upland forests 

Climate change  1 

Development 1 

Maritime 
wetland 
forests 

Climate change 1 

Impoundments 2 

Groundwater depletion 2 

Development 2 

Barrier island– 
dependent birds 

N/A   

Sea turtle nesting 
habitat 

N/A   
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Appendix	  C:	  Strategies	  
 

Within the Open Standards framework, strategies are defined as broad courses of actions 

designed to restore natural systems, reduce threats, and/or develop capacity. Expert participants 

identified specific strategies that are expected to support conservation targets and/or minimize 

threats. Strategies were then diagramed into results chains (see Appendix D: Results Chains) and 

during remote conference call meetings, experts reviewed results chains and, through consensus, 

ranked each strategy based on the expected impact (the likelihood that a strategy will contribute 

to threat mitigation or target restoration) and feasibility (the likelihood of strategic 

implementation based on resource or other constraints). Experts ranked impact and feasibility 

based on qualitative metrics (very high, high, medium, low) and those results were entered into 

the Miradi software, which calculated the overall strategic ranking (very effective, effective, less 

effective, not effective). 

The NCNHP also identifies a suite of strategies (referred to as interventions) for 

vulnerability assessments. Interventions, like strategies, are broad categories of actions or 

adaptation strategies that can be taken to reduce or mitigate the impact of climate change 

(NCNHP online). Interventions, while not given an overall rank, are scored on two categories: 

intervention importance and feasibility. Importance refers to the ability of the intervention to 

reduce or mitigate the expected impacts and assist the future survival or condition of the 

ecosystem group overall given expected changes in the climate. Feasibility describes the ease 

with which the intervention could be implemented, including technical feasibility, cost, and 

likely opposition.  

Both the Miradi strategy ranking and NCNHP interventions share commonalities. 

However, the NCNHP provides interventions specific to assessments crosswalked with 

conservation targets, whereas experts identified strategies specific to focal environments. Also, 

interventions address threats associated with climate change whereas expert-identified strategies 

do not. We suggest ENCSEVA review both strategies and interventions to identify common 

actions. Selecting a combination of strategies and interventions to address all threats (both those 

associated with climate change and other anthropogenic factors) will support the development of 

the strategic Plan. 
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Glossary of Terms 

Strategy Impact: The likelihood that the strategy will mitigate a threat and/or restore a target. 
• Very High – the strategy is very likely to completely mitigate a threat or restore a target. 
• High – the strategy is likely to help mitigate a threat or restore a target. 
• Medium – the strategy could possibly help mitigate a threat or restore a target. 
• Low – the strategy will probably not contribute to meaningful threat mitigation or target 

restoration. 

Strategy Feasibility: The likelihood that that a strategy may be implemented given time, 
financial, staffing, ethical, and other constraints.  

• Very High – the strategy is ethically, technically, AND financially feasible. 
• High – the strategy is ethically and technically feasible, but may require some additional 

financial resources. 
• Medium – the strategy is ethically feasible, but either technically OR financially difficult 

without substantial additional resources. 
• Low – the strategy is not ethically, technically, OR financially feasible. 

Intervention Importance: Importance of the intervention to the future survival or condition of 
the Ecosystem Group as a whole, given expected changes in the climate.  

• High – the intervention is highly essential to reduce or mitigate the expected impacts. 
• Med – the intervention is moderately essential, but will reduce or mitigate the expected 

impacts to a lesser degree. 
• Low – the intervention will help reduce or mitigate expected impacts, but to a relatively 

small degree. 
• Uncertain –importance of the intervention is uncertain. 

 
Intervention Feasibility: Ease with which the intervention could be implemented, including 
technical feasibility, cost, and likely opposition.  

• High – the intervention could readily be implemented, given an achievable level of 
funding and public support. 

• Medium – the intervention could be implemented, but would be difficult for technical or 
practical reasons, or would be expensive relative to other interventions.  

• Low – the intervention would be very difficult to implement even with substantial 
funding and support. 
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Table 1.1 Expert-identified strategies and their rankings for wetland conservation targets 

Strategy Targets impacted 
Strategy rankings 

Potential impact Feasibility Overall Ranking 
Acquisition and/or 
conservation on 
critical lands 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatlands 
-Freshwater marsh 

Very High Medium Less Effective 

Educate public on 
strategic habitat 
conservation 
(considering climate 
change) 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatlands 
-Freshwater marsh 
-Natural lakes and lakeshores 

High High Effective 

Establish cooperative 
invasive species 
partnerships 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatlands 
-Freshwater marsh 
-Natural lakes and lakeshores 

High High Effective 

Improve cross-
sectoral collaboration 
and involvement of 
conservation 
agencies 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatlands 
-Freshwater marsh 
-Natural lakes and lakeshores 

Medium High Less Effective 

Prioritize invasives 
and control 
mechanisms 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatlands 
-Freshwater marsh 
-Natural lakes and lakeshores 

High Very High Effective 

Restore/enhance 
wetlands and natural 
hydrology (also 
considering climate 
change) 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatlands 
-Freshwater marsh 

Very High Medium Less Effective 

Promote ecologically 
sensitive land use 
planning at the local 
(city/county) level 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatlands 
-Freshwater marsh 
-Natural lakes and lakeshores 

High Medium Less Effective 

Promote fire 
management as land 
use tool 

-Wet pine savanna 
-Isolated ephemeral wetlands 
-Non-riverine swamps 
-Peatlands 
-Freshwater marsh 

Very High Medium Less Effective 
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Table 1.2 Interventions to address climate change for specific ecosystems crosswalked 
with wetland conservation targets.  

Conservation 
Target 

NCNHP 
Assessment Intervention Importance Feasibility 

Wet pine 
savanna 

Wet pine 
savanna 

Restore/maintain hydrology Med High 

Restore/maintain landscape connections Med Med 

Control invasive species High High 

Conduct prescribed burns High High 

Protect/expand remaining examples High High 

Isolated 
ephemeral 
wetlands 

Coastal Plain 
depression 
communities 

Restore/maintain hydrology High Med 

Restore/maintain landscape connections Med Med 

Control invasive species High Med 

Conduct prescribed burns High High 

Protect/expand remaining examples High High 

Piedmont upland 
pools and 
depressions 

Restore/maintain hydrology Med High 

Restore/maintain landscape connections High Med 

Protect/expand remaining examples High High 

Non-riverine 
wetlands 

Coastal Plain 
non-alluvial 
mineral wetlands 

Control invasive species High Med 

Protect/expand remaining examples High High 

Restore/maintain hydrology High High 

Peatland 
pocosins 

Peatland 
pocosins 

Protect/expand remaining examples Med High 

Conduct prescribed burns High Med 

Restore/maintain hydrology High High 

Freshwater 
marshes 

Freshwater tidal 
wetlands 

Control invasive species High Med 

Conduct prescribed burns Med High 

Allow barrier islands to migrate Med  

Protect/expand remaining examples High High 

Restore/maintain hydrology High High 

Successional 
wetlands  

Protect keystone species High High 

Reduce groundwater extraction High Med 

Preservation of riparian buffers/floodplains High High 

Natural lakes 
and 
lakeshores 

Natural lake 
communities 

Species reintroduction/augmentation Low High 

Restore/maintain hydrology Med High 

Preservation of riparian buffers/floodplains High Med 

Limit impervious surfaces Med Low 

Protect/expand remaining examples Med High 

Eliminate/prevent pollution High Med 

Control invasive species High Med 
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Table 2.1 Expert-identified strategies and their rankings for riverine environments. 

Strategy Targets impacted 

Strategy Rankings 

Potential impact Feasibility Overall ranking 

Education and 
outreach  

-Diadromous fish 
-Resident aquatic species 
-Headwater streams 

Medium High Less Effective 

Barrier removal and 
barrier bypass  

-Diadromous fish 
-Resident aquatic species 
-Headwater streams 

High High Effective 

BMP programs and 
incentives to reduce 
NPS pollution  

-Diadromous fish 
-Resident aquatic species 
-Headwater streams 

High High Effective 

Encourage 
development of 
ELOHA framework  

-Diadromous fish 
-Resident aquatic species 
-Forested riparian corridors 

High Medium Less Effective 

Acquisition of critical 
riparian areas 

-Diadromous fish 
-Resident aquatic species 
-Headwater streams  
-Forested riparian corridors 

Very High High Effective 

Promote ecologically 
sensitive land use 
planning at the local 
(city/county) level 

-Diadromous fish 
-Resident aquatic species 
-Headwater streams  
-Forested riparian corridors 

High High Effective 

Developing point 
source contamination 
maps  

-Diadromous fish 
-Resident aquatic species 
-Headwater streams 

High Medium Less Effective 

Develop prioritization 
for areas within the 
ARA 

-Diadromous fish 
-Resident aquatic species 
-Headwater streams  
-Forested riparian corridors 

High High Effective 
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Table 2.2 Interventions to address climate change for specific ecosystems crosswalked 
with riverine conservation targets. 

Conservation 
target NCNHP 

assessment Intervention Importance Feasibility 
Headwater 
streams Piedmont 

headwater 
stream 
communities  

Control erosion High High 
Eliminate/prevent  pollution High High 
Increase open space High Med 
Stormwater management High High 
Limit impervious surfaces High Med 
Restore/maintain hydrology High Med 
Preservation of riparian buffers/floodplains High Med 
Restore/maintain landscape connections High Low 

Forested 
riparian 
communities 

Blackwater 
Coastal Plain 
floodplains  

Reduce groundwater extraction High Low 
Restore/maintain hydrology High Low 
Protect/expand remaining examples High Med 
Control invasive species High Med 
Restore/maintain hydrology High Med 
Protect/expand remaining examples High High 
Control invasive species High Med 
Protect keystone species High High 
Reduce groundwater extraction High Med 
Preservation of riparian buffers/floodplains High High 
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Table 3.1 Expert-identified strategies and their rankings for estuarine conservation 
targets. 

Strategy Conservation Target 

Strategy rankings 

Potential Impact Feasibility Overall Ranking 

Identify critical 
areas and 
Significant Habitat 
Areas (SHAs) 

-SAV 
-Shell bottom 
-Natural shore zones 
-Estuarine wetlands 
-Estuarine-dependent species 

High High Effective 

Education and 
outreach 

-SAV 
-Shell bottom 
-Natural shore zones 
-Estuarine wetlands 
-Estuarine-dependent species 

High High Effective 

Ditch and canal 
mitigation 

-Estuarine wetlands 
-Estuarine-dependent species 

High Med Less 
Effective 

Restore hydrology -Estuarine wetlands 
-Estuarine-dependent species 

High Med Less 
Effective 

Promote natural 
shorelines 

-SAV 
-Shell bottom 
-Natural shore zones 
-Estuarine wetlands 
-Estuarine-dependent species 

High Med Less 
Effective 

Develop and 
incentive BMPs 

-SAV 
-Shell bottom 
-Natural shore zones 
-Estuarine wetlands 
-Estuarine-dependent species 

High High Effective 

Point source 
pollution maps and 
mitigation 

-SAV 
-Shell bottom 
-Natural shore zones 
-Estuarine wetlands 
-Estuarine-dependent species 

N/A N/A  

Oyster reef 
restoration 

• Shell bottom 
• Estuarine-dependent species 

High High Effective 

Develop invasive/ 
exotic species plan 
and implement 
control strategies 

• SAV 
• Shell bottom 
• Estuarine wetlands 
• Estuarine-dependent species 

High Med Less 
Effective 

Protection and 
regulatory 
designation of 
critical areas 

• SAV 
• Shell bottom 
• Natural shore zones 
• Estuarine wetlands 
• Estuarine-dependent species 

High Med Less 
Effective 
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Table 3.2 Interventions to address climate change for specific ecosystems crosswalked 
with estuarine conservation targets. 

Conservation 
target 

NCNHP 
assessment Intervention Importance Feasibility 

Estuarine 
wetlands 

Estuarine 
communities 

Protect future sites High High 

Preservation of riparian buffers/ 
floodplains 

Med High 

Stormwater controls Low Med 

Restore/maintain hydrology Med Med 

Control erosion Med Med 

Allow barrier islands to migrate High Med 
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Table 4.1 Expert-identified strategies and their rankings for upland conservation targets. 

Strategy Conservation target 

Strategy ranking 

Potential 
Impact Feasibility 

Overall 
ranking 

Promote fire as a land 
management tool 

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Oak/hickory forests 

High High Effective 

Create incentive 
programs for pine 
straw producers 

-Dry longleaf pine communities High Med Less 
Effective 

Promote ecologically 
sensitive land use 
planning at local 
(city/county) level 

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Early successional habitats 
-Oak/hickory forests 
-Mesic forest 
-Granitic outcroppings and glades 

Med High Less 
Effective 

Protection and land 
acquisition 

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Early successional habitats 
-Oak/hickory forests 
-Mesic forest 
-Granitic outcroppings and glades 

Very High Med Less 
Effective 

Education and 
outreach 

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Early successional habitats 
-Oak/hickory forests 
-Mesic forest 
-Granitic outcroppings and glades 

High High Effective 

Establish cooperative 
invasive species 
partnership 

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Early successional habitats 
-Oak/hickory forests 
-Mesic forest 
-Granitic outcroppings and glades 

High High Effective 

Prioritize invasives 
and control 
mechanisms 

-Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Early successional habitats 
-Oak/hickory forests 
-Mesic forest 
-Granitic outcroppings and glades 

High Med Less 
Effective 

Promote deer control  -Dry longleaf pine communities 
-Xeric hardpan woodlands 
-Early successional habitats 

Med Very high Less 
Effective 
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Table 4.2 Interventions to address climate change for specific ecosystems crosswalked 
with upland conservation targets. 

Conservation 
Target 

NCNHP 
Assessment Intervention Importance Feasibility 

Dry longleaf pine 
communities 

Dry longleaf 
pine 
communities 

Conduct prescribed burns High High 

Control invasive species High High 

Restore/maintain landscape 
connections 

High Med 

Protect/maintain remaining 
examples 

High High 

Xeric hardpan 
communities 

Piedmont 
and 
mountain dry 
coniferous 
woodlands 

Restore extirpated areas Med High 

Protect/expand remaining examples Med High 

Control invasive species High Med 

Conduct prescribed burns High High 

Piedmont 
and Coastal 
Plain oak 
forests 

Control invasive species High Med 

Conduct prescribed burns Med High 

Restore/maintain landscape 
connection 

High Med 

Protect/expand remaining examples High Med 

Early 
successional 
habitats 

Successional 
and ruderal 
uplands 

Preserve/restore traditional 
agricultural practices 

1  

Eliminate/prevent pollution 2  

Control invasive species 2  

Oak/hickory 
forests 

Piedmont 
and Coastal 
Plain oak 
forests 

Control invasive species High Med 

Conduct prescribed burns Med High 

Restore/maintain landscape 
connection 

High Med 

Protect/expand remaining examples High Med 

Mesic forests Piedmont 
and Coastal 
Plain mesic 
forests 

Preservation of riparian buffers/ 
floodplains 

Low High 

Restore/maintain landscape 
connections 

Med Med 

Control invasive species High Med 

Protect/expand remaining examples High High 

Granitic 
outcroppings 
and glades 

Granitic 
flatrocks 

Control invasive species High Med 

Protect/expand remaining examples High High 
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Table 5.1 Expert-identified strategies and their rankings for strategies for barrier islands. 

Strategy Conservation target 

Strategy ranking 

Potential 
impact Feasibility 

Overall 
ranking 

Encourage natural 
geomorphic processes 
(barrier island and inlet 
migration, overwash) 

-Barrier islands landforms 
-Sea turtle nesting habitat 
-Barrier island–dependent birds 
-Maritime vegetated communities 

High Med Less 
Effective 

Education and 
outreach 
  

-Barrier islands landforms 
-Sea turtle nesting habitat 
-Barrier island–dependent birds 
-Maritime vegetated communities 

Med High Less 
Effective 

Acquisition/ 
conservation on critical 
lands 

-Barrier islands landforms 
-Sea turtle nesting habitat 
-Barrier island–dependent birds 
-Maritime vegetated communities 

High High Effective 

Support multi-modal 
alternative 
transportation options 

-Barrier islands landforms High Med Less 
Effective 

Decrease light 
pollution affecting sea 
turtles 

-Sea turtle nesting habitat High High Effective 

Promote ecologically 
sensitive land use 
planning 

-Barrier islands landforms 
-Sea turtle nesting habitat 
-Barrier island–dependent birds 
-Maritime vegetated communities 

Med Med Less 
Effective 

Prioritize invasives and 
control mechanisms 

-Barrier islands landforms 
-Sea turtle nesting habitat 
-Barrier island–dependent birds 
-Maritime vegetated communities 

Very high Med Less 
Effective 
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Table 5.2 Interventions to address climate change for specific ecosystems crosswalked 
with barrier island conservation targets. 

Conservation 
target NCNHP 

assessment Intervention Importance Feasibility 
Barrier island 
landforms N/A    
Barrier island 
vegetation Maritime 

grasslands Restore extirpated areas High High 
Control invasive species High High 
Allow barrier Islands to migrate High Med 

Maritime 
upland 
forests 

Restore extirpated areas Med Low 
Protect/expand remaining examples Med Med 

Maritime 
wetland 
forests 

Restore/maintain hydrology High High 
Restore/maintain landscape 
connections Med Low 

Reduce groundwater extraction Med Med 
Protect/expand remaining examples Med Med 

Barrier island 
birds N/A    
Sea turtle 
nesting habitat N/A    
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Appendix	  D:	  Results	  Chains	  
 

Results chains are visual diagrams that outline expert assumptions and illustrate how 

strategies are expected to either reduce threats or support conservation targets. Results chains 

link strategies to expected outcomes which provide transparency by detailing an explicit theory 

of change and facilitate adaptive management. Results chains can include objectives and 

indicators that allow conservation practitioners to gauge the effectiveness of the strategies as 

they are implemented (Foundations of Success 2007). We present results chains that represent 

expert assumptions regarding the expected impact of strategies within this appendix. This 

information is meant to provide a suite of management options for the strategic comprehensive 

conservation plan as well as implementation mechanisms. 

We do not include specific dates or definitive quantitative outcomes with the results 

chains presented within this appendix. Rather, the results chains we present are meant to capture 

expert knowledge pertaining to how strategies are expected to achieve impacts. We expect that 

the scale at which strategies will be implemented will help inform objectives as well as dictate 

dates of achievement.  

 
Reading Results Chains 

Results chains are logic models which should be interpreted as “if…then” statements. 

They illustrate causal relationships, which describe assumptions of how a strategy will impact a 

threat and/or support a conservation target (Foundation of Success 2007). All results chains 

include a strategy, intermediate results, and a threat reduction result. Strategies can also include 

objectives, indicators, and activities. Results chains begin with a strategy (yellow hexagon), 

which then leads to one or more intermediate results (blue box), which in turn leads to a threat 

reduction result (purple box). A threat reduction result is tied to the conservation targets (green 

ovals) the strategy is meant to benefit. 

An intermediate result refers to a milestone or intermediate outcome which, if met, 

indicates a strategy is achieving the desired results or is properly implemented. Intermediate 

results often include objectieves (light blue rectangles), or formal statements describing a desired 

outcome. Objectives and associated indicators are provided in the tables following each results 

chain where appropriate. Threat reduction results, represent the desired impact of a strategey 
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(threat mitigation and/or support of a conservation target). A result can also include objectives. 

Below we present a diagram to illustrate the various parts of a results chain as well as a legend. 

 

 
 

Legend Table 

 Activity  Strategy 

 Group Box  Target 

 Indicator   Text Box 

 Intermediate Result  Result 

 Objective  
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Figure 1.1 Results chain for wetlands strategy “acquisition/conservation on critical lands.” This strategy is contingent on 
the implementation of two other strategies: “educate public on Strategic Habitat Conservation” and “promote ecologically 
sensitive land use planning at the local level.” 
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Objectives and indicators listed within Figure 1.1 (acquisition of critical lands results chain). 

Objectives Indicators 

Objective ACQ 1: In collaboration with various land management 
agencies that cooperatively work within the focus area, develop a set of 
comparative criteria to identify "critical wetlands" (such as "presence of 
federally listed endangered species") to support a model/matrix. This 
model/matrix will be tested to verify and validate weights and criteria. 
Model weights for each of the comparative criteria. Model/matrix will 
spatially identify critical areas for protection and/or management. 

-Workshops or meetings focused on 
developing comparative criteria are held. 
-Criteria exists to inform matrix/model. 

Objective ACQ 2: Identify all potential wetlands and critical lands to 
protect/manage/restore. 

  

Objective ACQ 3: Determine a quantitative amount of habitat to benefit 
species of greatest conservation need within wetland systems and 
develop a specific goal to protect a certain amount of those lands and 
include these criteria within the model.  

-Amount of Species of Greatest Conservation 
Need encompassed within designated 
conservation areas. 
-Percentage of initiatives that have met their 
Species of Greatest Conservation Need 
coverage objective. 

Objective ACQ 4: Develop a quantitative goal (e.g., at least X amount or 
percentage) to designate as priority conservation areas. 

-Number/amount of designated priority 
conservation areas.  
-Amount of acres encompassed within 
designated conservation areas. 

Objective ACQ 5: Increased trend of a stewardship ethic within the 
designated conservation area increases. 

-Trend in stewardship ethic within designated 
conservation area. 
-Percentage of initiatives that show an 
increase in the trend in stewardship ethic 
within designated conservation area. 

Objective ACQ 6: Identify and secure funds, resources, partnerships, 
and collaborations to implement the strategic action plan and monitor 
ecological response. 
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Figure 1.2 Results chain for wetlands strategy “educate public about Strategic Habitat Conservation”. This strategy is 
contingent upon the implementation of three other strategies: “promote ecologically-sensitive land use planning at the 
local level”, “restore/enhance wetlands and natural hydrology”, and “acquisition/conservation on critical lands”. 
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Objectives and indicators listed within Figure 1.2 (educate public about Strategic Habitat Conservation). 

Objectives Indicators 

Objective EDUC 1. Target audience receives communication. -Percentage of target audience that receives 
message.  

Objective EDUC 2. Within a specific timeframe of campaign, there is an 
increase in target audience desired attitudes and values. 

-Percentage of outreach actions where target 
audience "reach" objectives were met.  
-Percentage of target audience with 
consistent attitudes and values (public poll). 

Objective EDUC 3. Develop a model or matrix to identify critical 
wetlands within the ENCSEVA ecoregion. The model will include (1) A 
set of comparative criteria for what makes a “critical wetland” agreed 
upon by the various land management agencies that cooperatively work 
within the focus area. Example of one could be “Presence of Federally 
Listed Endangered Species;” (2) weights for each of the comparative 
criteria; and (3) a test run of the matrix or model to compare with the 
parcel data for the focus area so critical tracts can be identified. 

 

Objective EDUC 4. Critical lands are identified. -ENCSEVA has identified critical lands and 
included these areas within strategic habitat 
conservation plans. 

Objective EDUC 5. Target audience adopts or continues behavior 
consistent with message. 

-Percentage of target audience that has 
adopted or continued desired behavior. 
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Figure 1.3 Results chain for wetlands strategy “establish cooperative invasive species partnerships”. Objectives and 
indicators represented within the results chains are included on the following page. 
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Objectives and indicators listed within Figure 1.3 (establish cooperative invasive species partnerships). 

Objectives Indicators 

INV 1. Landscape prioritization: All participating properties* (like Ducks 
Unlimited, hunt clubs, TNC) will have invasive species, management 
areas, control methods, and management thresholds**. Priorities will be 
updated annually thereafter. 

-Documentation of prioritized invasive species, 
management areas, control methods, and 
management thresholds**. 

INV 2. Critical lands under partnership: All critical lands are included in a 
cooperative partnership. 

  

INV 3. Operational Plan: After establishing the five year strategic plan, all 
cooperative partnerships' steering committees will have developed an 
operating plan/program with annual updates. 

-Completion of an operating plan/program with 
annual updates. 

INV 4. Strategic plan: Within 1 year of establishment, all cooperative 
partnerships' steering committee will have completed a five year strategic 
plan. 

-Completion of strategic plan. 

INV 5. New invasives: All newly detected invasives in priority areas are 
treated within 1 year and monitored annually and treated as needed 
thereafter.  

-Percentage of newly detected invasives in 
priority areas that are treated within 1 year 
and monitored annually and treated as 
needed thereafter. 

INV 6. Established invasives: All established invasives (priority species) 
in priority areas are contained or reduced as needed, below the 
acceptable management threshold /prioritized threshold** 

  

*Includes but not restricted to local, state, and federal conservation lands and NGO landowners. 
 
**Thresholds for invasive species coverage will be determined as the acceptable upper level of infestation (e.g. 20 percent 
or 15 acres for a given management area), after which a management action occurs. 
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Figure 1.4 Results chain for wetlands strategy “improve cross-sectoral collaboration and involvement with conservation 
agencies.” No objectives or indicators are included within this results chain. 
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Figure 1.5 Results chain for wetlands strategy “prioritizing invasives and control mechanisms.” This strategy is contingent 
upon the implementation of the strategy “acquisition/conservation of critical lands.” 
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Table 1.5 Objectives and indicators listed within Figure 1.5 (prioritizing invasives and control mechanisms). 

Objectives Indicators 

Objective INV 1. All participating properties* will have invasive species, 
management areas, control methods, and management thresholds** 
prioritized. Priorities will be updated annually thereafter. 

-Documentation of prioritized invasive 
species, management areas, control methods, 
and management thresholds**. 

Objective INV 2. All newly detected invasives in priority areas+ are 
treated within one year and monitored annually and treated as needed 
thereafter.  

-Percent of newly detected invasives in 
priority areas treated within 1 year and 
monitored annually and treated as needed 
thereafter. 

Objective INV 3. All established invasives (priority species) in priority 
areas are contained or reduced as needed, below the acceptable 
management threshold /prioritized threshold*. 

-Percent of priority areas where priority 
established invasives are below the 
acceptable management threshold/prioritized 
threshold*. 

 
*Includes but not restricted to local, state, and federal conservation lands and NGO landowners. 
 
**Thresholds for invasive species coverage will be determined as the acceptable upper level of infestation (e.g., 20 
percent or 15 acres for a given management area), after which a management action occurs. 
 
+ Max patch size of less than 1 acre in monitored areas 
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Figure 1.6 Results chain for strategy "restore/enhance wetlands and natural hydrology (also considering climate change). 
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Objectives and indicators listed within Figure 1.6 (restore/enhance wetlands and natural hydrology also considering 
climate change). 

Objectives Indicators  

Objective RESTORE 1. ID & plug appropriate drainage ditches: Remove 
a percentage of drainage ditches based on the prioritization and available 
funds. 
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Figure 1.7 Results chain for wetlands strategy “promote ecologically sensitive land use planning at the local level.”  
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Objectives and indicators listed within Figure 1.7 (promote ecologically sensitive land use planning at the local level). 

Objectives Indicators 

Objective LANDUSE 1. Establish local coalitions    

Objective LANDUSE 2. Agency guidance for land use and development 
identified and articulated based on information resources describing the 
needs of species, habitats, and ecosystems, as well as identified priority 
places. 

-Evidence that agency guidance is based on 
information resources describing the needs of 
species, habitats, and ecosystems, as well as 
identified priority places. 

Objective LANDUSE 3. The coalition produces a plan that articulates 
common goals and shows the need for increased incentives to protect 
critical lands. 

  

Objective LANDUSE 4. Establish funding mechanisms. Funding 
mechanisms for protecting critical lands have been established. 

-Funding mechanisms secured 

Objective LANDUSE 5. Team identifies mechanism to effectively inform 
decisions and develops strategy to effectively inform key decision 
makers. 

-Evidence of a strategy in place for how to 
most effectively inform key decision makers 

Objective LANDUSE 6. Key decision makers incorporate a defined 
percentage of recommendations about priority areas and relevant BMPs 
into land use planning decisions. 

-Percent of recommendations about priority 
areas and relevant BMPs incorporated into 
land use planning decisions. 

Objective LANDUSE 7. Development impacts minimized. Within 5 years 
of the start of the land use planning action, there is evidence of 
development impacts being reduced. 

-Evidence that land use planning action is 
reducing development impacts. 
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Figure 1.8 Results chain for wetlands strategy “promote fire management as land use tool.” 
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Objectives and indicators listed within Figure 1.8 (promote fire management as land use tool). 

Objectives Indicators 

Objective FIRE 1. Management-based studies, with realistic and testable 
assumptions are developed on 5 selected sites to improve validity of 
parameters for prescription burns. 

-Studies are implemented on 5 sites. 

Objective FIRE 2. All peatlands (contains organic soils) within 
ENCSEVA ecoregion are mapped and ranked based on level of 
alteration or degradation. Ranking criteria based on level of alteration 
(drainage).  

 

Objective FIRE 3. Develop a restoration plan for prioritized lands. As 
part of this restoration plan, funding sources will be identified in order to 
complete the work. 

 

Objective FIRE 4. Establish desired wetland conditions for prioritized 
wetlands/peatlands. Desired wetland conditions will be monitored based 
on short and long-term objectives on an annual basis and managed 
appropriately to meet management objectives. 

 

Objective FIRE 5. Hydrology restoration efforts, habitat objectives and 
outreach, prescribed burns as an accepted and effective management 
tool will increase by 20 percent, annually until such point that fire has 
been introduced to all applicable wetland sites. Then the introduction of 
fire will be based on scientifically determined natural fire return intervals. 
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Figure 1.9 Results chain for strategy "public outreach to restore connection with natural areas and wildlife communities." 
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Objectives and indicators listed within Figure 1.9 (public outreach to restore connection with natural areas and wildlife 
communities). 

Objectives Indicators 

Objective EDUC 1. Target audience receives communication message. -Percentage of target audience that receives 
message. 

Objective EDUC 2. Target audience attitudes and values consistent with 
message.  

-Percentage of target audience that has 
desired attitudes and values. 

Objective EDUC 3. Target audience adopts or continues behavior 
consistent with message. 

-Percentage of target audience that has 
adopted or continued desired behavior. 
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Figure 2.1 Results chain for riverine strategy "education and outreach". Strategy is contingent upon the implementation of 
"BMP programs and incentives to reduce non-point source pollution.”   
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Objectives and indicators listed within Figure 2.1 (education and outreach). 

Objectives Indicators 

Objective EDUC 1. ENCSEVA reviews published prioritizations and 
identifies priority criteria including the identification of riparian areas 
which contribute to the protection of Significant Natural Heritage Areas 
(SNHA). 

-Review of available research, knowledge and 
prioritizations have been completed. 

Objective EDUC 2. Audience receives communication. -Percentage of audience receives message. 

Objective EDUC 3. Increase in desired target audience attitudes and 
values to support the management of riparian areas. 

-Percentage of target audience that has 
desired attitudes and values.  

Objective EDUC 4. Target audience adopts or continues behavior 
consistent with message.  

-Percentage of target audience that has 
adopted or continued desired behavior. 
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Figure 2.2 Results chain for riverine strategy “barrier removal and/or bypass.”  
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Objectives and indicators listed within Figure 2.2 (barrier removal or barrier bypass). 

Objectives Indicators 

Objective BRBP 1. Review barrier prioritizations (TNC, American Rivers) 
and target obstructions for removal. 

-Review of available research, knowledge, 
and prioritizations have been completed. 

Objective BRBP 2. Baseline characterization developed assessing 
connectivity and amounts of available habitat by river basin and develops 
quantifiable goals for desired habitat availability for each basin within 
ENCSEVA eco-region. 

-Habitat and connectivity goals established. 

Objective BRBP 3. Identify funding mechanisms for barrier removal, 
restoration, and monitoring. 

-Funding/resources secured for removal or 
bypass strategies. 

Objective BRBP 4. Remove barriers and/or implement bypasses to 
increase availability of accessible habitat. 

-Barriers removed, amount of increased 
connectivity. 
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Figure 2.3 Results chain for strategy for “BMP programs and incentives to reduce non-point source (NPS) pollution.” 
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Objectives and indicators listed within Figure 2.3 (BMP programs and incentives to reduce non-point source pollution). 

Objectives Indicators 

Objective BMP 1. ENCSEVA has reviewed other available prioritizations 
and determined priority criteria, including the identification of riparian 
areas associated with and/or contribute to Significant Natural Heritage 
Areas. 

-Review of available research, knowledge, 
and prioritizations have been completed. 

Objective BMP 2. ENCSEVA has collaborated with partners and 
relevant stakeholders to adopt prioritization of watersheds within eco-
region and develops a cost-share plan to conduct status assessments of 
high priority riparian to determine viability of these areas and the amount 
and severity of threat occurring within these areas. 

-Status assessments conducted. 

Objective BMP 3. Status assessments are conducted and ENCSEVA 
develops a strategic action plan to mitigate and reduce threats within high 
priority areas.  

-Outreach to potential partners has occurred. 

Objective BRBP 4. ENCSEVA collaborates with partners to encourage 
BMPs and create incentives for riparian management. 

-Amount of BMPs and incentives available. 
-Increase in amount/quality of riparian areas 
in private ownership and associated with 
agriculture. 
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Figure 2.4 Results chain for strategy "identify historic flows and determine strategic plans to manage for appropriate 
flows.”  
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Objectives and indicators listed within Figure 2.4 (identifying historic flows to determine management goals). 

Objectives Indicators 

Objective FLOWS 1. ENCSEVA has reviewed other available 
prioritizations and determined priority criteria which will include the 
identification of riparian areas associated with and/or contribute to 
Significant Natural Heritage Areas. 

-Review of available research, knowledge, 
and prioritizations have been completed. 

Objective FLOWS 2. Prioritization of streams to evaluate historic flows 
and identify historic conditions or flow for river basins within the 
ENCSEVA eco-region through the use of IHA statistics or predictive 
models developed. 

-Areas within the ARA are prioritized and this 
information is shared with ENCSEVA 
members and partners. 

Objective FLOWS 3. ENCSEVA collaborates with partners and relevant 
stakeholders to adopt prioritization of watersheds within its eco-region 
and developed a cost-share plan to conduct status assessments of high 
priority riparian to determine viability of these areas and the amount and 
severity of threat occurring within these areas. 

-Outreach to potential partners has occurred 
-Workshops held to encourage stakeholder 
participation. 
  

Objective FLOWS 4. Long-term funding mechanisms to support efforts 
to identify historic stream flow for prioritized streams (RTI waterfall 
models, IHA statistics, research, watershed modeling) identified  

-Funding secured. 

Objective FLOWS 5. Historic flow conditions for prioritized river basins 
through the use of IHA statistics or predictive models identified  

-Historic flow conditions identified. 

Objective FLOWS 6. Quantifiable goals for stream flow for prioritized 
streams and develop a strategic action plan to meet those goals 
developed 

-Goals are determined and communicated 
with ENCSEVA members and partners. 

 
  



E-26 
 

 
Figure 2.5 Results chain for strategy “acquisition of critical riparian areas.” This strategy is contingent upon the 
implementation of strategies "promote ecologically sensitive land use planning at the local level" and "education and 
outreach." 
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Objectives and indicators listed within Figure 2.5 (acquisition of critical riparian areas). 

Objectives Indicators 

Objective ACRA 1. ENCSEVA has reviewed published prioritizations and 
identified priority criteria which includes riparian areas contributing to 
Significant Natural Heritage Areas. 

-Review of available research, knowledge, 
and prioritizations have been completed. 

Objective ACRA 2. ENCSEVA has identified priority areas to target for 
protection and contribute to creating connectivity of healthy habitats, 
provide high quality habitat for species dependent on riparian habitats and 
their associated waters 

-Prioritization developed. 

Objective ACRA 3. ENCSEVA has developed quantitative target goals 
within watersheds (including goals for nested targets [bottomland forests, 
rich mesic slopes, and cane breaks]).  

-Goals are determined and communicated 
with ENCSEVA members and partners. 
-Habitat and connectivity goals are 
established. 

Objective ACRA 4. ENCSEVA has collaborated with partners and 
relevant stakeholders to adopt prioritization of watersheds and developed 
a cost-share plan to conduct status assessments of high priority areas. 

-Outreach to potential partners has occurred. 

Objective ACRA 5. ENCSEVA has conducted status assessments and 
developed a strategic action plan to implement to mitigate and reduce 
threats within high priority areas.  

  

Objective ACRA 6. ENCSEVA has identified and secured funds, 
resources, partnerships, and collaborations to implement the strategic 
action plan and monitor ecological response. 

-Funding secured. 

Objective ACRA 7. Within 5 years of the designation, the trend in 
stewardship ethic within the designated conservation area increases. 

-Percentage of initiatives that show an 
increase in the trend in stewardship ethic 
within designated conservation area. 

Objective ACRA 8. After 2018 there will be no annual loss of critical 
riparian areas. 
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Figure 2.6 Results chain for strategy "promote ecologically sensitive land use planning at the local level.”  
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Objectives and indicators listed within Figure 2.6 (promoting ecologically sensitive land use planning). 

Objectives Indicators 

Objective LUP 1. ENCSEVA has reviewed other available prioritizations 
and determined priority criteria which will include the identification of 
riparian areas associated with and/or contribute to Significant Natural 
Heritage Areas. 

-Review of available research, knowledge, 
and prioritizations have been completed. 

Objective LUP 2. Agency land use planning guidance is based on 
information resources describing the needs of species, habitats, and 
ecosystems, as well as identified priority places. 

-Evidence that agency guidance is based on 
information resources describing the needs of 
species, habitats, and ecosystems, as well as 
identified priority places. 

Objective LUP 3. Local coalitions are established.   
Objective LUP 4. Coalition has produced a plan that articulates common 
goals and shows the need for increased incentives to protect critical 
riparian areas. 

-Plan developed 

Objective LUP 5. Funding mechanisms for protecting critical lands have 
been established. 

  

Objective LUP 6. There is a strategy in place for how to most effectively 
inform key decision makers. 

-Evidence of a strategy in place for how to 
most effectively inform key decision makers. 

Objective LUP 7. Key decision makers incorporate Y percent of 
recommendations about priority areas and relevant BMPs into land use 
planning decisions. 

-Percentage of recommendations about 
priority areas and relevant BMPs incorporated 
into land use planning decisions 

Objective LUP 8. Within five years of the start of the land use planning 
action, there is evidence of development impacts being reduced. 

• Evidence that land use planning action is 
reducing development impacts. 
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Figure 2.7 Results chain for strategy for “identify future emerging sources of point source pollution.”  
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Objectives and indicators listed within Figure 2.7 (identify future emerging sources of point source pollution). 

Objectives Indicators 

Objective PSP 1. ENCSEVA has reviewed other available prioritizations 
and determined priority criteria, including the identification of riparian 
areas associated with and/or contribute to Significant Natural Heritage 
Areas. 

-Prioritization established. 

Objective PSP 2. ENCSEVA has conducted status assessments and 
developed a strategic action plan to implement to mitigate and reduce 
threats within high priority areas. 

  

Objective PSP 3. ENCSEVA has identified and secured funds, 
resources, partnerships, and collaborations to implement the strategic 
action plan and monitor ecological response. 
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Figure 2.8 Results chain for strategy for “riparian area prioritization.” This strategy is contingent upon the implementation 
of the strategies “BMP programs and incentives” and “promote ecologically sensitive land use planning at the local level.” 
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Objectives and indicators listed within Figure 2.8 (riparian area prioritization). 

Objectives Indicators 

Objective RIPBUFF 1. ENCSEVA identifies stream miles to target for 
protection and restoration which contribute to creating connectivity of 
healthy habitats and exclude streams which, although channelized are 
still functioning and provide adequate habitat for resident aquatic species 

-Review of available research, knowledge, 
and prioritizations have been completed. 

Objective RIPBUFF 2. ENCSEVA has collaborated with partners and 
relevant stakeholders to adopt prioritization of watersheds within its eco-
region and developed a cost-share plan to conduct status assessments 
of high priority riparian to determine viability of these areas and the 
amount and severity of threat occurring within these areas. 

-Outreach to potential partners has occurred 
-Workshops held to encourage stakeholder 
participation. 

Objective RIPBUFF 3. ENCSEVA has collaborated with partners and 
relevant stakeholders to adopt prioritization of watersheds within its eco-
region and developed a cost-share plan to conduct status assessments 
of high priority riparian to determine viability of these areas and the 
amount and severity of threat occurring within these areas. 

-Status assessments conducted 
-Cost-share plan developed and in place 

Objective RIPBUFF 4. ENCSEVA has conducted status assessments 
and developed a strategic action plan to implement to mitigate and 
reduce threats within high priority areas. 

  

Objective RIPBUFF 5. ENCSEVA identifies and secures funds, 
resources, partnerships, and collaborations to implement the strategic 
action plan and monitor ecological response. 
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Figure 3.1 Results chain for strategy for “Identify critical areas and Significant Habitat Areas (SHAs).” No objectives or 
indicators are included within this results chain. 
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Figure 3.2 Results chain for strategy for “education and outreach.” This strategy is contingent upon the implementation of 
the strategy “identify SHAs and critical areas.”  
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Objectives and indicators listed within Figure 3.2 (education and outreach). 

Objectives Indicators 

Objective EDUC 1. Identify audience within prioritized watersheds to 
receive information concerning the importance of conservation targets 
and water quality. 

 

Objective EDUC 2. Target audience receives communication. -Percentage of outreach actions where 
target audience "reach" objectives were met. 

Objective EDUC 3. Within 1 year of campaign,  there is an increase 
among target audience attitudes, values, and behavior to show 
consistency with message and 

-Percentage of target audience that has 
adopted or continued desired behavior. 
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Figure 3.3 Results chain for strategy "ditch and canal mitigation." This strategy is contingent upon the implementation of 
two strategies: “education and outreach” and “identify SHAs and critical areas.” 
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Objectives and indicators listed within Figure 3.3 (ditch and canal mitigation).  

Objectives Indicators 

Objective DT/CNL MIT 1. Strategic areas to focus barrier removal and 
bypass are identified. 

 

Objective DT/CNL MIT 2. Identify funding mechanisms for barrier 
removal, restoration, and monitoring. 

-Applied for and received funding/resources. 

Objective DT/CNL MIT 3. Remove barriers and/or implement bypasses 
to increase availability of accessible habitat. 

-Barriers removed, amount of increased 
connectivity. 
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Figure 3.4 Results chain for strategy "restore hydrology." This strategy is contingent upon the implementation of the 
strategy “identify SHAs and critical areas.” 
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Objectives and indicators listed within Figure 3.4 (restore hydrology). 

Objectives Indicators 

Objective HYDRO 1. Prioritization (via models) to identify and rank 
high priority habitat for wetlands. 

Prioritization developed and communicated 
across partnership. 

Objective HYDRO 2. Identify long-term funding mechanisms and 
partnerships to cost share restoration and monitoring. 

Financial resources exist to fund restoration 
activities and monitoring 

Objective HYDRO 3. ENCSEVA and partners  implement restoration 
projects/activities. 
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Figure 3.5 Results chain for strategy “promote natural and living shorelines.” This strategy is contingent upon the 
implementation of two other strategies: “identify SHAs and critical areas” and “education and outreach.” 
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Objectives and indicators listed within Figure 3.5 (promote natural and living shorelines). 

Objectives Indicators 

Objective LVGSL1. ENCSEVA identifies partners to support the 
development of wetland friendly policies 

 

Objective LVGSL 2. ENCSEVA provides technical support and 
scientific information to local governments and planners to support 
sustainable land use development 

• ENCSEVA and partnerships provides 
information to specific contacts within local 
governments 

Objective LVGSL 3. ENCSEVA and partners successfully engage 
regulatory agencies and NGOs to promote low-impact development, 
living shorelines, and other activities that contribute to wetland 
protection. 

• Regulatory agencies encourage alternative 
development, and promote living 
shorelines. 

Objective LVGSL 4. ENCSEVA and partners Identify key target 
audience to receive message 
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Figure 3.6 Results chain for strategy "develop and incentivize best management practices (BMPs)." This strategy is 
contingent upon two other strategies: "education and outreach" and "identify SHAs and critical areas". 
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Objectives and indicators listed within Figure 3.6 (develop and incentivize BMPs). 

Objectives Indicators 

Objective BMP 1. ENCSEVA develops/adopts prioritization (via 
models) to identify and rank high priority habitat which supports shell 
bottom. 

 

Objective BMP 2. ENCSEVA develops a partnership with the 
Department of Marine Fisheries (DMF) as well as other potential 
stakeholders to determine active roles in the management, protection, 
restoration, and public education of critical estuarine habitats.  

 

Objective BMP 3. Private landowners are identified to receive 
education concerning best management practices, possible incentives 
and cost share arrangements. 

 

Objective BMP 4. Riparian areas within the contributing watersheds 
are intact and support the delivery of appropriate ambient water quality 
to estuarine systems. 
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Figure 3.7 Results chain for strategy "identify future sources of point source pollution." This strategy is contingent on the 
strategy "identify SHAs and critical areas." No objectives or indicators are included within this results chain. 
. 
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Figure 3.8 Results chain for strategy "oyster reef restoration." This strategy is contingent upon two other strategies: 
"identify SHAs and critical areas" and "education and outreach." 
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Objectives and indicators listed within Figure 3.8 (oyster reef restoration). 

Objectives Indicators 

Objective OYREST 1. ENCSEVA develops/adopts prioritization (via 
models) to identify and rank high priority habitat which supports shell 
bottom. 

 

Objective OYREST 2. ENCSEVA adopts goal to establish 500 acres 
oysters, 500 ac of scallops by 2018. 

ENCSEVA includes goal statement within its 
strategic conservation plan. 

Objective OYREST 3. There is an appropriate increase in established 
oyster sanctuaries which reflects supporting the goal of establishing 
500 acres of oyster beds. 

Amount of new oyster sanctuary 
designations. 

Objective OYREST 4. Regulatory measures are in place which prohibit 
trawling and harvesting within newly established and oyster 
sanctuaries. 

Regulations exist. 
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Figure 3.9 Results chain for strategy “develop invasive/exotic species plan and implement controls.” This strategy is 
contingent on the implementation of two other strategies: “identify SHAs and critical areas” and “education and outreach.” 
No objectives or indicators are included within this results chain. 
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Figure 3.10 Results chain for strategy “protection and regulatory designation of critical areas.” This strategy is contingent 
on the implementation of two other strategies: “identify SHAs and critical areas” and “education and outreach.” 
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Objectives and indicators listed within Figure 3.10 (protection and regulatory designation of critical areas). 

Objectives Indicators 

Objective PROTECT 1. ENCSEVA provides technical support and 
scientific information to local governments and planners to support 
sustainable land use development. 

 

Objective PROTECT 2. ENCSEVA and partners are actively working 
with regulatory agencies to promote low-impact development and living 
shorelines and other activities that contribute to wetland protection. 

 

Objective PROTECT 3. ENCSEVA and partners identify audiences 
within prioritized watersheds to receive information concerning the 
importance of water quality. 

 

Objective PROTECT 4. ENCSEVA and partners will develop 
educational programs and materials to disseminate to target audience. 
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Figure 4.1 Results chain for strategy “promote fire as a land management tool.” This strategy is contingent on the 
implementation of two other strategies: “education and outreach” and “promote ecologically sensitive land use planning at 
the local (city/county) level.” 
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Objectives and indicators listed within Figure 4.1 (promote fire as a land management tool). 

Objectives Indicators 

Objective Fire 1. ENSEVA creates a partnership with key federal agencies 
including the NC Forest Service and the Natural Resources Conservation 
Service to protect and restore longleaf pine habitats. 

Partnership is in place. 

Objective Fire 2. ENCSEVA and partners to develop a burn 
management and cost-share plan. 

Financial and in-kind resources are 
available to implement burn plan. 

Objective Fire 3. ENCSEVA and partners will identify areas where burns 
are critical and develop a burn prioritization. 

Burn prioritization developed and applied 
at the landscape level. 

Objective Fire 4. ENCSEVA and partners implement burn plan and use 
consistent monitoring/reporting protocols. 

Percentage of burn units with appropriate 
fire regime. 
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Figure 4.2 Results chain for strategy “create incentives programs for pine straw producers.” This strategy is contingent on 
the implementation of the strategy “education and outreach.” 
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Objectives and indicators listed within Figure 4.2 (create incentives programs for pine straw producers). 

Objectives Indicators 

Objective Pine Straw 1. By 2020, 75 percent of pine straw labeled 
conservation friendly. (From the Sandhills partnership conservation plan. 
This percentage may change across the ecoregion.) 

Percentage of available "pine straw 
friendly" products in local markets. 

Objective Pine Straw 2. By 20XX, all pine straw harvesting on 
conservation lands will be coordinated with longleaf restoration activities, 
and limited to plantations on former agricultural  lands, and on private 
lands X percent of pine straw harvesting operations will be "sustainable." 

Location and percentage of pine straw 
raking.  

 
 
  



E-55 
 

 
Figure 4.3 Results chain for strategy “promote ecologically sensitive land use planning at the local level.” This strategy is 
contingent on the implementation of the strategy “education and outreach.” 
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Objectives and indicators listed within Figure 4.3 (promote ecologically sensitive land use planning at the local level). 

Objectives Indicators 

Objective LANDUSE 1. Local coalitions established and include Wildlife 
Resources Commission (WRC) and local land trusts. 

 

Objective LANDUSE 2. ENCSEVA and partners identify amount and 
condition of conservation targets and their condition throughout the 
landscape (conduct status assessments for conservation targets). 

Review of available research, knowledge, 
and prioritizations have been completed. 

Objective LANDUSE 3. Identify areas where connectivity of and 
between conservation targets can be developed/increased throughout 
the landscape. 

Spatial analysis identifying potential areas 
of connectivity and high quality habitat is 
completed. 

Objective LANDUSE 4. Spatially identify high-quality conservation target 
areas. 

Spatial analysis identifying potential areas 
of connectivity and high quality habitat is 
completed. 

Objective LANDUSE 5. The matrix of small-patch upland habitats is 
increased to sustain an identified percentage of viable population of 
species associated with these habitats. 

• Percentage of viable metapopulations. 
• Small patch habitat quality (KEA 

assessments). 
• Genetic flow between populations. 
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Figure 4.4 Results chain for strategy “protection and land acquisition.” 
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Objectives and indicators listed within Figure 4.4 (protection and land acquisition). 

Objectives Indicators 

Objective ACQ 1. ENCSEVA and partners identify amount and condition 
of conservation targets and their condition throughout the landscape 
(conduct status assessments for conservation targets). 

Spatial analysis identifying potential areas 
of connectivity and high quality habitat is 
completed. 

Objective ACQ 2. The protected areas of upland conservation targets is 
increased to sustain an identified percentage of viable population of 
species associated with these habitats. 

• Percentage of viable metapopulations. 
• Small patch habitat quality (KEA 

assessments). 
• Genetic flow between populations. 
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Figure 4.5 Results chain for strategy “education and outreach.”  
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Objectives and indicators listed within Figure 4.5 (education and outreach). 

Objectives Indicators 

Objective EDUC 1. Within X months/years of campaign, at least X percent 
of target audience receives the message. 

Percent of target audience that receives 
message. 

Objective EDUC 2. Target audience adopts or continues behavior 
consistent with message. 

Percent of target audience that has 
adopted or continued desired behavior. 
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Figure 4.6 Results chain for strategy “establish cooperative invasive species partnerships.”  
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Objectives and indicators listed within Figure 4.6 (establish cooperative invasive species partnerships). 

Objectives Indicators 

Objective INV 1. All participating properties (includes but not restricted to 
local, state and federal conservation lands, NGO landowners like Ducks 
Unlimited, hunt clubs, TNC) will have invasive species, management 
areas, control methods, and management thresholds* prioritized. 
Priorities will be updated annually thereafter. 

 

Objective INV 2. Critical lands under partnership. Percentage of critical lands acreage 
included in a cooperative partnership 

Objective INV 3. All newly detected invasives in priority areas** are 
treated within 1 year and monitored annually and treated as needed 
thereafter.  

 

Objective INV 4. Within five years, all established invasives (priority 
species.) in priority areas are contained or reduced as needed, below the 
acceptable management threshold / prioritized threshold* 

Percentage of newly detected invasives in 
priority areas* that are treated within 1 
year and monitored annually and treated 
as needed thereafter.  

Objective INV 5. Within 1 year of establishment, all cooperative 
partnerships' steering committee will have completed a five year strategic 
plan 

Completion of strategic plan. 

Objective INV 6. After establishing the five year strategic plan, all 
cooperative partnerships' steering committees will have developed an 
operating plan/program with annual updates.  

Completion of an operating plan/program 
with annual updates 

* Threshold = the acceptable upper level of infestation (e.g., 20 percent or 15 acres for a given management area), after 
which a management action occurs. 
** Max patch size of less than 1 acre in monitored areas. 
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Figure 4.7 Results chain for strategy “prioritize invasive and control mechanisms.” This strategy is contingent on the 
implementation of the strategy “education and outreach.” 
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Objectives and indicators listed within Figure 4.7 (prioritize invasive and control mechanisms). 

Objectives Indicators 

Objective INV 1. All participating properties (includes but not restricted to 
local, state and federal conservation lands, NGO landowners like Ducks 
Unlimited, hunt clubs, TNC) will have invasive species, management areas, 
control methods, and management thresholds* prioritized. Priorities will be 
updated annually thereafter. 

 

Objective INV 2. Critical lands under partnership. Percentage of critical lands acreage 
included in a cooperative partnership. 

Objective INV 3. All newly detected invasives in priority areas** are 
treated within 1 year and monitored annually and treated as needed 
thereafter. 

 

*Threshold = the acceptable upper level of infestation (e.g., 20 percent or 15 acres for a given management area), after 
which a management action occurs. 
** Max patch size of less than 1 acre in monitored areas. 
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Figure 4.8 Results chain for strategy “promote deer control.” This strategy is contingent on the implementation of the 
strategy “education and outreach.” No objectives or indicators are included within this results chain. 
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Figure 5.1 Results chain strategy "encourage natural geomorphic processes." This strategy is contingent on the 
implementation of the strategy education and outreach. 
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Objectives and indicators listed within Figure 5.1(encourage natural geomorphic processes). 

Objectives Indicators 

Objective NAT GEO 1. Develop partnerships with the NC Division of 
Coastal Management, the VA Marine Resource Commission, and other 
regulatory agencies to develop and implement BMPs concerning dune 
management and to discourage bulkheading and to promote restoration. 

 

Objective NAT GEO 2. Identify inlet, accretion, and dune migration “hot 
spots” where natural processes occurrence is prioritized as well as 
erosion hotspots to determine when infrastructure will be impacted. 

Existing analyses are reviewed. 

Objective NAT GEO 3. Develop partnership and understanding with 
DOT to remove road-protecting dunes which interfere with natural 
geomorphic processes on prioritized lands. 

 

Objective NAT GEO 4. Provide and support education and outreach for 
targeted audiences to advance stakeholder awareness on the importance 
of dune migration.  

Percentage of targeted audience which 
receives education material. 

Objective NAT GEO 5. Increase public awareness concerning the dune 
maintenance.  

Percentage of surveyed audience who 
understands message and adopts 
consistent attitude. 

Objective NAT GEO 6. Change stakeholder attitudes regarding beach 
re-nourishment projects. Specifically decrease support for beach re-
nourishment projects in favor of allowing natural barrier island 
geomorphic process to occur. 
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Figure 5.2 Results chain strategy “education and outreach.” 
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Objectives and indicators listed within Figure 5.2 (education and outreach). 

Objectives Indicators 

Objective EDUC 1. Applied research is conducted to examine the impacts 
of natural geomorphic processes and potential benefits. 

 

Objective EDUC 2. Showcase areas are identified and workshops/tours 
are occurring.  

Existing analyses are reviewed. 

Objective EDUC 3. Public engages in education opportunities and is 
aware of research results. 

• Public response to workshops/field trips 
(participation, surveys) 

• Research results are translated and 
communicated to the public. 

Objective EDUC 4. ENCSEVA and partners seek NC aquariums and 
other groups with established education curriculums to review and 
engage in the process. 

Percentage of targeted audience receiving 
educational materials. 
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Figure 5.3 Results chain strategy "acquisition and/or adaptive conservation on critical lands." This strategy is contingent 
on the implementation of the strategy education and outreach. 
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Objectives and indicators listed within Figure 5.3 (acquisition and/or adaptive conservation on critical lands). 

Objectives Indicators 

Objective ACQ 1. Landscape analyses of areas to conserve/protect for 
conservation is completed. 
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Figure 5.4 Results chain strategy "support multimodal/alternative transportation options." This strategy is contingent on 
the implementation of the strategy education and outreach. No objectives or indicators are included within this results 
chain. 
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Figure 5.5 Results chain strategy "decrease light pollution affecting sea turtles". This strategy is contingent on the 
implementation of the strategy education and outreach. 
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Objectives and indicators listed within Figure 5.5 (decrease light pollution affecting sea turtles). 

Objectives Indicators 

Objective LGHT 1. ENCSEVA and partners develop and implement local 
and state legislation to ensure long-term protection of loggerheads and 
their terrestrial habitats.  

 

Objective LGHTC 2. Light management plans which meet minimum 
standards identified in the Florida Model Lighting Ordinance (Florida 
Administrative Code Rule 62B-55) are implemented and enforced. 

 

Objective LGHT 3. Annual percentage of total nests with hatchlings 
disoriented or mis-oriented by artificial lighting does not exceed 10 percent 
based on standardized surveys. 

-Annual nest surveys 
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Figure 5.6 Results chain strategy "promote ecologically sensitive land use planning." No objectives or indicators are 
included within this results chain. 
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Figure 5.7 Results chain strategy "prioritize invasives/exotics species and control mechanisms." No objectives or 
indicators are included within this results chain. 
 



Appendix	  E:	  Key	  Ecological	  Attributes	  
 

Key ecological attributes (KEAs) represent the resources upon which conservation targets 

depend and serve as proxy measurements to determine the overall health or status of a 

conservation target (TNCb 2007). KEAs represent system states which provide critical patterns 

of biological structure and composition, ecological processes upon which targets depend, or 

system dynamics which drive a target’s natural variation over space and time (TNCb 2007). 

KEAs generally fall into three categories: size, condition, or landscape context. Size refers to the 

conservation target population size or the proportion of geographic extent that target occupies 

while condition represent a measure of biological composition or target occurrence (TNCb 

2007). Condition refers to the biological composition, structure, or biotic interactions that 

characterize a target’s occurrence and landscape context describes the ecological processes, 

regimes, or landscape connectivity that maintains the target occurrence (TNCb 2007).  

Indicators serve as proxy measurements of KEAs, which reflect the status of conservation 

targets (TNCb 2007). Criteria to identify suitable indicators include measurability, consistency, 

and sensitivity to change (TNCb 2007). Identifying KEAs and associated indicators can provide 

multiple benefits to natural resource professionals as well as assist ENCSEVA report metrics that 

reflect the status of conservation targets across the ecoregion. Identifying KEAs provides a 

consistent standard to evaluate the current status for a conservation target across the ecoregion 

while also allowing natural resource managers to develop indicator values that reflect site 

uniqueness or the natural variability of a target and learn more about a system or species and 

reduce uncertainty by articulating assumptions regarding the biological resources conservation 

targets require. Therefore the consistent monitoring of indicators across the ecoregion can help 

summarize and document knowledge and assumptions about the biology and ecology of each 

target, and identify crucial information gaps and research questions.  

We provide a list of KEAs, indicators, and indicator ratings for each conservation target 

identified within expert elicitations. However, we note some considerations for applying these 

KEAs and indicators across the ENCSEVA region. While each conservation target is defined in 

order to limit confusion about what is meant to be the focus of a project or conservation action, 

targets are still somewhat broad, as well as the KEAs and indicators that serve as proxy 



 
 

measurements for the viability of those targets. However, there may be instances where a site-

specific issue will conflict with a KEA or indicator and its subsequent rating system. For 

example, the target “maritime vegetative communities” is a broad target with faunal diversity, 

floral diversity, and connectivity among communities and ecosystems serving as KEAs. 

Indicators for floral diversity include vegetation richness index (a measure of species richness), 

presence of invasives, and invasive cover. Patch size is an indicator for the KEA “connectivity 

among communities and ecosystems.” While these indicators do apply universally to all 

vegetative communities, the rating of Good level of species richness or a Good patch size will 

vary considerably from a simple to a complex barrier island, where simple barrier islands support 

much less diversity and have lower land area. Similarly Good species richness will vary 

considerably from sparsely vegetated dunes to a maritime forest. In cases such as these, a 

monitoring plan for these sites should incorporate some flexibility to include more appropriate 

ratings or use of indicators. 



 
 

List of KEAs and indicators for conservation targets 
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Barrier island systems 
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Table 1.1 Wet pine savannas. 

  Indicator Rating (poor, fair, good, very good) 
KEA:  Frequent Fire Regime  
State of success: A seasonally appropriate “patchy” burn across the landscape that allows for species to disperse to unburned areas or refugia.  

− Frequent fire regimes reduce hardwood growth, ensure an open 
canopy perpetuating the character of the habitat, release nutrients, 
and suppress encroachment of woody species. 

− A frequent fire regime should consider the larger landscape context 
such as meta-populations of species, areas important for breeding. 
(i.e., extent of burn and refugia), as well as growing seasons. 

Burn frequency.  Poor: None to infrequent fires (>5 year 
burn cycles). 
Fair:  4-5 years. 
Good: 3-4 years. 
Very Good: 2-3 years. 

KEA: Plant Biodiversity  
State of success: An appropriate diversity of plant species and composition given the geographic location of the wet pine savanna.  

− Wet pine savannas are host to specialized plants such as pitcher 
plants and orchids (USGS 2000).There is a recognizable dominant 
herbaceous layer although species composition is variable by 
location and site.  

− Savanna birds use these habitats as a foraging resource due to the 
open, herb-dominated characteristic which encourages insect 
populations. 

− Five savanna grasses species potentially occur across these 
habitats but the dominant vegetation should not include weedy 
species or broom sedge (Andropogon virginicus). 

− Managers can use diversity indexes appropriate to site location to 
support decisions for vegetation management. 

−  “Poor” ratings can also indicate a regime shift.  

Percentage of appropriate 
herbaceous plants and shrubs. 

Poor: <50 percent. 
Fair: 50-75 percent. 
Good: 75-90 percent. 
Very Good: >90 percent. 

KEA: Hydrologic Integrity  
State of success:  A functioning hydrology that is not disrupted by artificial alterations and mimics a natural state/flow. 

− Wet, seasonally saturated, mineral soils. Alterations, such as ditching, that 
disrupt the natural hydrologic flow.  

Poor: Extensively ditched and drained 
(>70 percent of sites). 
Fair: Some ditching or alteration of site 
(30-70 percent of sites). 
Good: Minimal alteration (<30 percent of 
sites). 
Very Good: Ditches restored (none 
present). 
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Table 1.1 Wet pine savannas (continued).  

 Indicator Rating (poor, fair, good, very good) 

KEA:  Landscape Connectivity 
State of success: WPS habitats are buffered by natural lands such as adjacent uplands. 

− Landscape connectivity refers to the landscape context of the 
surrounding area and the extent of connection to other natural 
communities. 

Extent of buffer around habitat. Poor: <50 percent of target is 
buffered by natural communities. 
Fair: 50-75 percent. 
Good: 75-90 percent. 
Very Good: > than 90 percent of 
target is buffered by natural 
communities. 
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Table 1.2 Isolated ephemeral wetlands (IEW). 

 Indicator Rating (poor, fair, good, very good) 

KEA: Hydrologic Regime  
State of success: A series of ponds or a range of small isolated wetland types within proximity with various hydroperiods to provide a suite of 
alternative habitats to support species movement and metapopulations.  

− Hydrology is rainfall dependent, indicating it is necessary to define 
what constitutes a “normal rainfall” and when rainfall should occur. 

− Because of the wide range of hydroperiods and depths for IEW, 
there is a wide diversity of vegetative cover for these habitats.  

− Flooding may limit the presence of mature trees or forest canopy 
within the habitat in some instances. 

− Small depression drawdown meadows and the marshy subtypes of 
small depression ponds should always have herbaceous cover of 
moderate to high density.  

− Establishment of pines in may occur during droughts, on 
hummocks, or in the absence of fire; however, pines within a basin 
are not desirable.  

− Dry season typically occurs within summer and fall while the wet 
season is typically winter and spring. 

Presence of fish. Poor: Sustained fish present. 
Fair: Small, unsustained fish 
population present. 
Good: Few fish present for short 
period of time. 
Very Good: Fish are not present. 

Isolated from lotic systems. Poor: Connected to lotic systems. 
Fair:  
Good:  
Very Good: Not connected to lotic 
systems. 

Appropriate vegetation indicating 
habitat fluctuations between wet 
and dry periods. 

Poor: High density of upland species 
within the inundation zone indicating 
a prolonged dry period and lack of 
flooding. 
Fair: Upland vegetation becoming 
well established within the habitat. 
Good: Primarily flood tolerant 
vegetation with few upland species 
supported within the inundation area. 
Very Good: Predominance of typical 
flood adapted species with a 
predominantly open understory of 
appropriate vegetation indicative of 
“normal” hydrological regime of the 
area. 
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Table 1.2 Isolated ephemeral wetlands (continued). 

 Indicator Rating (poor, fair, good, very good) 
KEA: Landscape Connectivity   
State of success: A complex of ponds within variable distances that allows for the dispersion and movement of a wide range of species. 

− Distance to other ponds (although different species will have 
different distances of dispersal closer is generally better).  

− The presence of natural uplands and the extent of a natural 
“buffer” are considered important to many species using 
IEWs/pond ecosystem. 

Distance to other pools or 
wetlands.  

Poor: > 1mile.  
Fair: < 1 mile. 
Good: <.5 mile.  
Very Good: <.25 miles. 

Surrounding uplands (percent of 
undeveloped acres around pond 
could be a measure). 

Poor: <10 acres. 
Fair: > 50 acres. 
Good: > 100 acres. 
Very Good: > 1,000 acres.  

Extent of buffer surrounding pond 
envelope.  

Poor: <50 percent of habitat 
surrounded by natural communities. 
Fair: 50-75 percent of habitat 
surrounded by natural communities. 
Good: 75-90 percent of habitat 
surrounded by natural communities. 
Very Good: >90 percent of habitat 
surrounded by natural communities.  

KEA: Water Quality  
State of success: Water quality that supports appropriate flora and fauna assemblages and their life cycles.   

− Contaminated runoff. 
− pH range is dependent on fire in most ecosystems, which is tied to 

time of year/soil buildup. 
− Variations in pH can be the result of site geology, natural biological 

factors such as decomposition of humic substances and 
photosynthesis, or the influence of anthropogenic forces such as 
atmospheric deposition or ditching (Warner and Dunson 1998). 

− During the embryonic and larval stages, amphibians can be 
severely affected by low water pH (Warner and Dunson 1998). 

Presence of agricultural pesticides 
or agricultural runoff. 

Poor: Present. 
Fair:   
Good:  
Very Good: Not present. 

pH range. Poor: <3 
Fair: 3 – 3.5 
Good: 3.5 – 4.5 
Very Good: 4.5 – 6 
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Table 1.3 Non-riverine wetlands. 

   Indicator Rating (poor, fair, good, very good) 
KEA: Hydrologic Integrity  
State of success: A functioning hydrology that is not disrupted by artificial alterations and mimics a natural state/flow. 
  Alterations, such as ditching, that 

disrupt the natural hydrologic flow.  
Poor: Extensively ditched/drained 
(>70 percent of sites). 
Fair: Some ditching/alteration (30-70 
percent of sites). 
Good: Minimal alteration (<30 
percent of sites). 
Very Good: Ditches restored (none 
present). 

KEA: Vegetation Structure  
State of success: A vegetation structure characterized by a heterogeneous composition and structure. 

  Canopy age and size structure. Poor: No canopy, most trees are 
dead, dying or removed. 
Fair: Young stand of trees, even age 
stands, little vertical structure. 
Good: Mature trees, virtually closed 
canopy, vertical structure.  
Very Good: Old growth (>100 years, 
uneven age mature forest). 

Canopy composition.  Poor: Canopy dominated by 
inappropriate or non-native species. 
Fair:  
Good:  
Very Good: Community appropriate 
canopy species make up the canopy. 

Understory composition.  Poor: Dominated by non-
appropriate/non-native species. 
Fair:  
Good:  
Very Good: Community appropriate 
species comprise majority of 
understory. 
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Table 1.3 Non-riverine wetlands (continued). 

 Indicator Rating (poor, fair, good, very good) 

KEA: Landscape Connectivity  
State of success: Non-riverine swamps are buffered by natural lands such as adjacent uplands. 
− The surrounding landscape of non-riverine swamp forest and its 

quality such as the intactness of eco-tone and quality of adjacent 
vegetation. Need to avoid hard artificial edge effects and block 
size (large natural patches).  

Percent of perimeter connected. Poor: <50 percent of habitat 
surrounded by natural communities. 
Fair: 50-75 percent of habitat 
surrounded by natural communities. 
Good: 75-90 percent of habitat 
surrounded by natural communities. 
Very Good: >90 percent of habitat 
surrounded by natural communities.  
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Table 1.4 Peatland pocosins. 

  Indicator Rating (poor, fair, good, very good) 
KEA: Peat Thickness and Depth  
State of success: Peat depth and thickness is adequate to support hydrology and nutrient retention. 

− Median thickness of the peat layer within the NC coastal plain 
is 1.4m with maximum depths ranging from 4.6 to 6m (Ingram 
1987; Reardon et al. 2009).  

− Loss of peat can release nutrients such as mercury and 
carbon as well as loss of seed banks.  

Depth.  Poor: Decrease < 0.5 in/5 yrs. 
Fair: Decrease 0.5-0 in/5 yrs. 
Good: Increase 0-0.5” in/5 yrs.  
Very Good: Increase 0.5 in//5 yrs.  

KEA: Biodiversity (Flora and Fauna)  
State of success: A native, fire adapted flora communities capable of supporting wildlife.  

− Perpetuate native, fire-adapted plant communities and the 
wildlife species that in-habitat these unique habitats.  

− Wildlife within these communities play critical roles in creating 
disturbances and dispersing seeds.  

Flora. Poor: Below threshold, estimated survival  
<10 yrs. 
Fair: Below threshold, estimated survival <20 
yrs. 
Good: Threshold estimated survival 21-50 yrs. 
Very Good: Threshold estimated survival >50 
yrs.  

Fauna.  Poor: Species not present.  
Fair: Species present during migration and 
breeding season. 
Good: Species present during migration and 
breeding season and some confirmed 
breeding. 
Very Good: Species present during migration 
and breeding season and successful breeding 
population.  
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Table 1.4 Peatland pocosins (continued). 

 Indicator Rating (poor, fair, good, very good) 
KEA: Hydrology  
State of success: A hydrologic regime which inundates peat soils at appropriate times.  

− Water depth across surface, water fluctuation (time periods, 
frequency, duration), downward hydrologic gradient.  

− Hydroperiods are important to saturating peat soils and 
avoiding catastrophic fires.  

− Assumption: if hydrologic integrity is intact, then the water 
quality of runoff from pocosin systems will be high.  

− Salt water intrusion is a threat because salinity can oxidize.  
− For level of groundwater, the measurable unit is the percent 

of year shallower than 0.75-ft deep.  

Hydroperiod (over a course on 
one year).  

Poor: Dry all year to a site specific depth. 
Fair: 50 percent of area mimics natural hydro-
period conditions. 
Good: 75 percent of area mimics natural 
hydro-period. 
Very Good: 90 percent of area mimics natural 
hydro-period.  

Level of groundwater (peat 
saturation).  

Poor: < 2 percent. 
Fair: 2-30 percent.  
Good: 31-50 percent.  
Very Good: >50 percent.  

Alterations, such as ditching, 
that disrupt the natural 
hydrologic flow.  

Poor: Extensively ditched and drained (>70 
percent of sites). 
Fair: Some ditching or alteration of site (30-70 
percent of sites). 
Good: Minimal alteration (<30 percent of 
sites). 
Very Good: Ditches restored (none present).  

KEA: Fire Regime  
State of success: Low intensity surface burns which results in a shifting mosaic of vegetation as well as facilitating the regeneration of other some 
species such as pocosin pine.  

− Fire is a driver of pocosin vegetation dynamics with plant 
diversity, especially herbaceous cover, highest after fire. 

− Catastrophic fires which burn peat release absorbed carbon 
and mercury and can destroy seed beds of native flora. 

− Low-intensity surface fires create a shifting vegetation 
mosaic. Vegetation structure and biomass recover rapidly in 
most of the burned areas, primarily by sprouting. Fire may 
stimulate the release of seeds from seed banks. Seed banks 
are important in terms of post disturbance recruitment. 

Fire intensity and extent. Poor:  Significant ground fire (catastrophic) 
resulting in the burning of peat OR complete 
fire suppression resulting in high fuel loading. 
Fair: Some ground fire, <70 percent of 
prescription objectives met. 
Good: Low intensity surface fires, 70-90 
percent of prescription objectives met. 
Very Good: Low intensity surface fire, 90 
percent of prescription objectives met. 
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Table 1.5 Freshwater marshes (FWM). 

 Indicator Rating (poor, fair, good, very good) 
KEA: Plant Biodiversity  
State of success: High plant biodiversity characterized by appropriate flora. 

− Freshwater marshes are typically shallow environments which 
allow for emergent vegetation.  

− Plant biodiversity is characterized by few trees and is 
predominantly herbaceous.  

Appropriate herbaceous 
vegetation cover. 

Poor: Majority of vegetative cover is invasive 
or inappropriate species. 
Fair:   
Good:   
Very Good: Few to no invasives present.  

KEA: Hydrologic integrity  
State of success: A functioning hydrology that is not disrupted by artificial alterations and mimics a natural state/flow. 

− This habitat is characterized by periodic to continual flooding, 
discouraging tree growth. Hydrologic regime is also subject to 
timing of flooding and draw downs. 

A functioning hydrology that is 
not disrupted by artificial 
alterations and mimics a 
natural state/flow. 

Poor: Extensively ditched and drained (>70 
percent of sites). 
Fair: Some ditching or alteration of site (30-70 
percent of sites). 
Good: Minimal alteration (<30 percent of 
sites). 
Very Good: Ditches restored (none present). 

Presence of trees. Poor: Trees create a dominant overstory. 
Fair: Trees will become dominant overstory in 
5-10 years. 
Good: Some trees present, but vegetation 
predominantly herbaceous. 
Very Good: No to few trees present, 
vegetation predominantly herbaceous. 

KEA: Water quality  
State of success: A natural salinity gradient. 

  Salinity of water quality. Poor: Salinity indicates salt water intrusion. 
Fair: Salinity levels are increasing in water 
table. 
Good: Salinity levels within appropriate 
ranges, but salt water intrusion possible 
without management. 
Very Good: Salinity levels within appropriate 
ranges.  
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Table 1.5 Freshwater marshes (continued). 

 Indicator Rating (poor, fair, good, very good) 
KEA: Landscape Connectivity  
State of success: FWMs are buffered by natural lands such as adjacent uplands. 

− Natural communities (including other water bodies) serve as a 
buffer vs. impervious surface.  

− Size = percent of natural edges…connectivity. 
− Buffer widths between uplands and marsh dependent of 

marsh size and hydrology. 

Percent of border and impact 
of natural flow. 

Poor: <50 percent of target is buffered by 
natural communities. 
Fair: 50-75 percent. 
Good: 75-90 percent. 
Very Good: > than 90 percent of target is 
buffered by natural communities with no 
disruptions or barriers to hydrology. 
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Table 1.6 Natural lakes and lakeshores. 

  Indicator Rating (Poor, Fair Good Very Good) 

KEA: Hydrology  
State of Success:  A functioning hydrology that is not disrupted by artificial alterations. 

− Hydrology and depth within these systems influence water 
quality and amount of emergent vegetation. 

Alterations, such as ditching, 
that disrupt the natural 
hydrologic flow and lead to 
drainage.  

Poor: Water levels declining due to 
drainage/withdrawal. 
Fair: Water levels stable but >1 m lower than 
baseline.  
Good: Water levels stable but at <1 m lower 
than baseline.  
Very Good: Water levels stable and near 
baseline with no drainage/withdrawal. 

KEA: Water Quality  
State of Success:  Water quality supports function of ecosystem services as well as biodiversity 

− Assumption: anthropogenic stresses account for declines in 
water quality. Sources of threats to water quality include point 
and non-point source pollution sources from residential areas, 
motorized boating activities, and runoff from agriculture. Poor 
water quality can lead to algal blooms and low dissolved 
oxygen events. 

Biotic index. Poor: Biotic index score indicates very 
significant organic pollution. 
Fair: Biotic index score indicates fairly 
significant organic pollutions. 
Good: Biotic index score indicates some 
organic pollution. 
Very Good: Biotic index score indicates none 
to slight organic pollution and low pollution 
tolerant species present. 

KEA: Natural Community Structure  
State of Success:  An appropriate community structure representative of all variable types of shorelines, littoral zones, and limnetic zones. 

− Natural communities include shellfish, water birds and 
waterfowl, invertebrates, submerged aquatic vegetation, 
shoreline vegetation, and emergent vegetation. 

Presence of viable examples of 
all component communities 
(Index of Biotic Integrity). 

Poor: One or more types absent.  
Fair: All types present but not self-sustaining.  
Good: All types present and self-sustaining.  
Very Good: Typical biota represented, 
multiple life stages present. 
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Table 2.1 Diadromous fish. 
 Indicator Rating (poor, fair, good, very good) 

KEA:  Hydrologic Connectivity  
State of Success: Contiguous riverine habitat in a lateral and longitudinal dimension with few to no blockages and allowing for the migrations of 
movements of the species that depend on connectivity to complete life cycles.  
− Connectivity refers to contiguous acreage of riverine habitat 

with both a latitudinal and longitudinal dimension.  
− Obstructions refer to anthropogenic blockages (dams, 

reservoirs, culverts, etc.) as well as lack of water to facilitate 
passage to potential habitat.  

− Levels of obstruction are subject to scale, i.e., light restriction, 
height.  

− Indicator ratings for accessible habitat are dependent on 
species and size of area (i.e., basin vs. ecoregion).  

− Amount of accessible habitat is based on the historic extent 
(including connection to tributaries). 

Number of barriers 
per stream mile.  
*Ratings 
dependent on 
stream size  

Poor:  
Fair:   
Good:  
Very Good: Few to none. 

Amount of 
accessible habitat.  

Poor: <25 percent of habitat is accessible.  
Fair: 26-75 percent of habitat is accessible. 
Good: 76-95 percent of habitat is accessible. 
Very Good: No to few obstructions with >95 percent 
of habitat accessible.  

Adequate water 
for passage and 
recolonization.  

Poor: Not enough water to allow passage/movement 
to potential habitat.  
Fair:  Water allows passage and recolonization 
inconsistently. 
Good: Water allows passage and recolonization 
through management. 
Very Good: adequate water/stream flow to allow 
passage.  
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Table 2.2 Diadromous fish (continued). 

 Indicator Rating (poor, fair, good, very good) 
KEA:  Hydrologic Connectivity  
State of success: Contiguous riverine habitat in a lateral and longitudinal dimension with few to no blockages and allowing for the migrations of 
movements of the species that depend on connectivity to complete life cycles.  

− Connectivity refers to contiguous acreage of riverine habitat with 
both a latitudinal and longitudinal dimension.  

− Obstructions refer to anthropogenic blockages (dams, reservoirs, 
culverts, etc.) as well as lack of water to facilitate passage to 
potential habitat.  

− Levels of obstruction are subject to scale, i.e., light restriction, 
height.  

− Indicator ratings for accessible habitat are dependent on species 
and size of area (i.e., basin vs. ecoregion).  

− Amount of accessible habitat is based on the historic extent 
(including connection to tributaries).  

Number of barriers 
per stream mile.  
*Ratings dependent 
on stream size  

Poor:  
Fair:   
Good:  
Very Good: Few to none. 

Amount of 
accessible habitat.  

Poor: <25 percent of habitat is accessible  
Fair: 26-75 percent of habitat is accessible 
Good: 76-95 percent of habitat is accessible 
Very Good: No to few obstructions with >95 percent of 
habitat accessible  

Adequate water for 
passage and 
recolonization.  

Poor: Not enough water to allow passage/movement 
to potential habitat  
Fair:  Water allows for inconsistent passage and 
recolonization 
Good: Water is managed to allow passage and 
recolonization  
Very Good: adequate water/stream flow for passage  

KEA: Flow  
State of success: Hydrologic flows appropriate in terms of quantity and timing to provide attractant flows, spawning flows, outmigration cues, and 
habitat availability (floodplain) to allow for species movement and migration as well as serving ecosystem function.  

− Attractant flows, spawning flows, egg/larval transport flows, 
juvenile outmigration flows.  

− Water to floodplain, habitat availability.  
− IHA statistics describe the degree of departure from pre-dam 

(historic) flows to current flows and include characteristics of 
stream flow and measure the variability from historic flows.  

− An indicator of flow is the presence of expected fish species, 
which require flow to disperse.  

− The presence of expected fish species will be based on 
comparisons to reference streams to develop expected fish 
populations.  

Frequency, 
magnitude, and 
duration using IHA 
statistics.  

Poor: Highly divergent from historic flow. 
Fair: Divergent from historic flow regime, but provides 
connectivity to habitat.  
Good: Similar to historic flow regime.  
Very Good: Mimics historic flow regime.  

Presence of 
expected fish 
species.  

Poor: No species present.  
Fair:  Few species present, but no recruitment. 
Good: Some species present, population structure 
indicates recruitment. 
Very Good: Expected fish species present, population 
structure indicates recruitment. 
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Table 2.3 Resident aquatic species. 

 Indicator Rating (poor, fair, good, very good) 
KEA: Habitat Complexity  
State of success: A diversity of high quality stream habitat capable of supporting all native species.  

− Habitat complexity includes appropriate substrate diversity, 
riffles, runs, and pools to support diversity of species as well as 
the structure and composition of riparian areas which provide 
foraging resources to the water column. Riparian buffers differ 
according to location (piedmont vs. coastal plain) and should be 
evaluated as appropriate to location. 

− For the purposes of assessing habitat complexity we refer to the 
Rapid Bio Assessment developed by NC DWQ (Bryn Tracy, 
personal communication).  

Rapid Bio 
Assessment score 
for reference 
streams. 

Poor: <45. 
Fair: 45-60.  
Good: 60-75.  
Very Good: >75.  

KEA:  Hydrologic Connectivity  
State of success: Contiguous riverine habitat in a lateral and longitudinal dimension with few to no blockages and allowing for the migrations of 
movements of the species that depend on connectivity to complete life cycles.  

− Connectivity refers to contiguous acreage of riverine habitat with 
both a latitudinal and longitudinal dimension. 

− Obstructions refer to anthropogenic blockages (dams, reservoirs, 
culverts, etc.) as well as lack of water to facilitate passage to 
potential habitat.  

− Levels of obstruction are subject to scale, i.e., light restriction, 
height.  

− Low barriers and high accessibility for all species. 
− Ideally, metapoulations will have opportunities to interact and not 

be impeded by obstructions. 
− Some obstructions may be blocking the dispersal of predatory 

exotics.  
− Ratings for barriers per stream mile are dependent on stream 

size, basin, and potential habitat availability. 

Number of barriers 
per stream mile.  

Poor:  
Fair:  
Good:  
Very Good: Few to none.  

Contiguous stream 
miles.  

Poor: Significant blockages between upstream and 
downstream, little connectivity. 
Fair: Habitat available, some blockages with difficult to 
no passage. 
Good: Few blockages which allow passage.  
Very Good: No blockages/barriers.  

Adequate water for 
passage and 
recolonization.  

Poor: Not enough water to allow passage/movement 
to habitat.  
Fair:  Water allows passage and recolonization 
inconsistently, no management. 
Good: Water allows passage and recolonization 
through management. 
Very Good: Adequate water/stream flow to allow 
passage.  
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Table 2.3 Resident aquatic species (continued). 

  Indicator Rating (poor, fair, good, very good) 
KEA: Flow  
State of success: Hydrologic flows appropriate in terms of quantity and timing to meet life cycle needs.  

− Appropriate quantity and timing (likely fluctuate between good 
and bad for various species in various years). 

− Appropriate flows are related to good sediment loads  
− Attractant flows, spawning flows, egg/larval transport flows, 

juvenile outmigration flows. Currently there is not a precise 
understanding of how migration cues relate to flow  

− Water to floodplain, habitat availability.  
− IHA statistics describe the degree of departure from pre-dam 

(historic) flows to current flows and include characteristics of 
stream flow and measure the variability from historic flows. 
Indicators can be determined based on stream/river location and 
availability of IHA statistical trends. 

Timing, duration, 
frequency, extent 
magnitude (IHA, 
waterfall models)  

Poor: Significant departure from natural flow as 
indicated by IHA statisitics. 
Fair:  
Good: Somewhat modified but spawning. 
Very Good: Original flow. 

Adequate fish 
species/population 
structures present 
(using reference 
streams for 
comparison). 

Poor: Expected fish population absent. 
Fair: Some expected fish present, but homogeneous 
population structure. 
Good: Some expected fish species present, some 
signs of recruitment. 
Very Good: Expect fish species present with a diverse 
population structure (successful recruitment and 
dispersal). 

KEA: Water Quality  
State of success: Achieve and maintain the water quality necessary to support resident aquatic species. 

− Specific conductance (SC) refers to water’s ability to conduct an 
electrical current. SC is an indirect measure of the presence of 
dissolved solids such as chloride, nitrate, sulfate, phosphate, 
sodium, magnesium, calcium, and iron, and can be used as an 
indicator of water pollution. 

− Indicators of biological integrity (IBI) are dependent on location 
and stream type. 

Indicator of 
biological integrity 
(IBI). 

Poor:   
Fair: 
Good: 
Very Good:  

Specific 
conductance. 

Poor: Highly divergent from natural levels signifying 
pollution present. 
Fair:  
Good:  
Very Good: Similar to natural waters. 

KEA: Species Diversity  
State of success: Diverse assemblages of riverine aquatic species representing full suite of appropriate biodiversity.  

  Reference streams. Poor: Highly divergent from reference streams. 
Fair: Similar but intense management needed. 
Good: Similar but some management needed.  
Very Good: Highly similar to reference streams.  
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Table 2.4 Headwater streams. 

 Indicator Rating (poor, fair, good, very good) 
KEA Quantity & Source   
State of success: Water inputs originate from groundwater infiltration, precipitation, and natural sheet flow. 

− RTI waterfall model, a tool and decision-support platform to 
enable inter-active quantitative investigation of water availability 
and allocation at multiple geographic scales.  

− TNC Stream assessment, road crossing analysis = density of 
road crossings per stream kilometer calculated based on TIGER 
road line data and NHDPlus stream data at the HUC12 and 
HUC8 scales.  

− TNC Stream assessment, amount of natural land cover within 
ARA. 

Runoff (estimated 
by density of road 
crossings within 
basin). 

Poor: High density of road crossings within basin.  
Fair:  
Good:  
Very Good: Few to no road crossings within basin. 

Amount of 
impervious surface. 

Poor:  
Fair:  
Good:  
Very Good: 

Amount of natural 
water source 
(natural runoff, 
precipitation or 
groundwater). 

Poor: <70 percent natural - includes non-point source 
inputs; severe effects of altered hydrology. 
Fair: 70-79 percent  - include non-point source inputs; 
moderate effects of altered hydrology. 
Good: 80-89 percent natural.  
Very Good: >90 percent Normal runoff and 
precipitation or groundwater; no hydrologic alterations 
affecting flow. 

KEA: Natural Channel Structure  
State of success: A natural and stable stream morphology free of alterations (ditching or channelization) or impoundments to impede connectivity 
to downstream components and characterized by an appropriate riparian buffer.  

− Stabilizes stream bank, channel, understory, overstory, 
herbaceous-rooting systems to hold soil.  

− The use of IBIs within headwater streams is not likely to yield 
date to support assessments of channel structure. Macro 
invertebrate indexes vary by stream size, location, or flow 
(intermittent or perennial). 

# of obstructions to 
connectivity 
(channels, ditches, 
impoundments, 
culverts, roads, 
etc.). 

 Poor: Stream is isolated /not connected due to 
obstructions.  
Fair: Several obstructions present.  
Good: Functional hydrology with obstructions present.  
Very Good: No obstructions. 

Riparian buffer.  Poor: <50 percent of riparian buffer is vegetated and 
no overstory canopy.  
Fair: 50-75 percent of riparian buffer is vegetated with 
sparse overstory.  
Good: 75-90 percent of riparian buffer is vegetated 
with moderate overstory canopy. 
Very Good: >90 percent of riparian buffer is vegetated 
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and is composed predominantly of appropriate 
overstory canopy. 

Table 2.4 Headwater streams (continued).  

 Indicator Rating (poor, fair, good, very good) 

KEA: Nutrient Inputs (Food)  
State of success: Overstory, and runoff, and sediments provide nutrient inputs reflective of a natural and appropriate state (not from 
anthropogenic sources). 

− Canopy cover and composition strongly influences structure 
and function of streams. Within this project scope, appropriate 
canopy cover is defined as native species providing a complex, 
multi-story canopy for headwater streams.  

− Headwater streams within the scope are typically narrow with 
closed riparian canopies. Retention and routing of organic 
materials from allochthonous inputs (riparian and lateral input 
of leaf litter and woody debris) are important factors affecting 
biological processes in headwater systems.  

Mean buffer width.  Poor:  
Fair:  
Good:  
Very Good:  

Canopy cover.  Poor: None or surrounding area is predominantly 
impervious surface or agricultural land.  
Fair:  
Good: 50 ft buffer at least. 
Very Good: Overstory canopy is present.  

Canopy 
composition.  

Poor: Dominated by inappropriate or non-native 
species.  
Fair:  
Good:  
Very Good: Community appropriate canopy species 
make up the canopy.  

 
 
  



E-18 
 

Table 2.5 Riparian forested communities. 

  Indicator Rating (poor, fair, good, very good) 
KEA: Contiguous Forest Cover  
State of success: A contiguous forest cover (from headwaters to the coast) that allows for species movement, dispersal, and migration while also 
contributing to the thermal dynamics and nutrient inputs of the system and offering filtration. 

− Allows for species movement and dispersal. Percent of 
fragmentation in 
ARA. 
*Depends on size of 
area of interest 

Poor:  
Fair:  
Good:  
Very Good:  

KEA: Forest Condition and Composition  
State of success: A diverse and vegetative community characterized by appropriate vegetation to provide wildlife habitat, stream filtration, bank 
stability, and shade. 

− Natural plant communities found within scope including nested 
targets (bottomland hardwoods, mesic rich slopes) and cane 
breaks.  

− River cane: indicators are number of breaks. 
− Flow – needs to have floods timed by magnitude and interannual 

variability and duration 
− Bottomland hardwoods 
− Composition and structure from sound to headwaters — 

dispersal of natural communities. 

Condition of nested 
targets (bottomland 
hardwoods and 
mesic slopes). 

Poor: No presence of nested targets within basins. 
Fair: Nested targets are present in small fragments 
but require substantial management to persist. 
Good: Nested targets present with some 
management.  
Very Good: Nested targets are present and viable.  

Recruitment of 
appropriate 
vegetative species. 

Poor: No native recruitment. 
Fair: Some recruitment, but substantial management 
required. 
Good: Recruitment with some management. 
Very Good: Appropriate recruitment occurring.  

Canopy age and 
size. 

Poor: No canopy, most trees dead, dying or removed. 
Fair: Young stand of trees, even age stands. 
Good: Mature trees, virtually closed canopy. 
Very Good: Old growth (>100 years, uneven age). 

Invasive species 
(both in overstory 
and understory). 

Poor: >50 percent invasive cover. 
Fair:  25-50 percent invasive cover. 
Good: 5-25 percent invasive cover. 
Very Good: <5 percent invasive cover.  

 
 
  



E-19 
 

Table 2.5 Riparian forested communities (continued). 

 Indicator Rating (poor, fair, good, very good) 

KEA: Flow  
State of success: Appropriate hydrologic flows to support vegetative communities.  
− Hydrologic regime that supports appropriate magnitude, 

duration, frequency, and timing and connects with floodplains 
to provide appropriate ecosystem regime and disturbance.  

Appropriate flow 
magnitude, 
duration, 
frequency, and 
timing.  

Poor: Heavily altered flow regime from 
natural/historical hydrograph and no connection with 
floodplain. 
Fair: Moderately altered flow regime, non-natural 
hydrograph, some connection with floodplain. 
Good: Minimally altered flow regime with connection 
to floodplain.  
Very Good: Natural hydrograph, no alteration of 
flows.  

KEA: Buffer Width  
State of success: Riparian forest communities that are both contiguous and of adequate width to provide high quality habitat for riverine forested 
communities.  

− Riparian forested community width should consist of 30m "no 
cut" zone immediately adjacent to river and a "selective cut 
zone beyond 30m with no chemical treatments.  

Mean buffer width   Poor: No riparian forest community present. 
Fair: <25 meters.  
Good: 25-75 meters.  
Very Good: >75 meters.  

KEA: Landscape Connectivity  
State of success: NRS habitats are buffered by natural lands such as adjacent uplands.  
− The surrounding landscape refers to undeveloped lands and 

characteristics such as the intactness of eco-tone and 
composition and structure of adjacent vegetation. Need to 
avoid hard artificial edge effects and block size (large natural 
patches).  

Percent of 
perimeter 
connected to 
natural habitat.  

Poor: <50 percent of habitat surrounded by natural 
communities.  
Fair: 50-75 percent of habitat surrounded by natural 
communities.  
Good: 75-90 percent of habitat surrounded by 
natural communities.  
Very Good: >90 percent of habitat surrounded by 
natural communities.  
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Table 3.1 Submerged aquatic vegetation (SAV). 

 Indicator Rating (poor, fair, good, very good) 

KEA:  Light Penetration 
State of success: Sufficient duration and quality of light to promote robust growth of SAV within all available habitats. 

− Light penetration depends on clarity, depth, and the 
concentration of dissolved and suspended organic/inorganic 
particles in the water column. Some turbidity is natural in a water 
body, but extreme turbidity is known to reduce light availability 
(Deaton 2010). 

− Minimum light requirements will vary based on salinity regime 
(Batiuk et al. 2000). The estimation of minimum light 
requirements can be derived based on methods conducted for 
Chesapeake Bay (see Batiuk et al. 2000). 

− Workshop participants and reviewers suggested several 
methodologies to measure light penetration including 
photosynthetically active radiation (kPAR and PAR) which 
measure the amount of sunlight or ambient light diffused through 
water compared to surface light (i.e., turbidity), measuring 
minimum light requirements, and light attenuation (percent of 
surface irradiance at SAV maximum depth, and  light 
requirements within the water column.  

− For the purposes of rapid monitoring we suggest using the 
Secchi disk method to measure light penetration to SAV beds. 
Other methods are better suited to evaluating threats or causes 
of poor light penetration. 

Water clarity/light 
availability (Secchi 
disk). 

Poor: <.5m. 
Fair:  .5-1m. 
Good: 1-2m. 
Very Good: >2m.  

KEA: Spatial Extent of Vegetation  
State of success: A diverse coverage of SAV within potential habitat. Potential habitat is defined by appropriate environmental characteristics 
conducive with SAV such as salinity, wave energy, substrate, and ambient water conditions.  

− SAV extent naturally fluctuates. 
− Currently there is not enough information to identify historic SAV 

habitats, therefore it is difficult to measure the  percent of current 
SAV habitats compared to historic distributions. 

− Potential habitat includes areas suitable for SAV beds such as 
shallow areas with low wave energy. 

Existing potential 
SAV habitat 
occupied. 

Poor: <50 percent of potential habitat. 
Fair: 50 - 74 percent of potential habitat. 
Good: 75 - 94 percent of potential habitat. 
Very Good: >95 percent of potential habitat. 
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Table 3.2 Shell bottom. 

  Indicator Rating (poor, fair, good, very good) 
KEA: Cultch Material  
State of success: Adequate cultch material within subtidal and intertidal habitats.  

− From the Oyster Working Group: The relief of restored oyster 
reefs often decreases in height over the short-term due to 
spreading of cultch, sinking into the substrate, sedimentation, 
shell degradation (by boring organisms or dissolution) or a 
combination of these factors (Coen et al. 2011). Therefore it is 
important to document the persistence of the reef structure 
through time.  

− Increases in reef height through time as a result of accretion of 
shell material is indicative of healthy rates of oyster recruitment, 
growth, and dead shell accretion through mortality (e.g., Powell 
and Klinck 2007).  

− Positive changes in reef area may either be due to accretion or 
the spreading of cultch. When assessing performance, a reef with 
an area that is equal to or greater than the original area is 
considered to be performing well, whereas any decreases in reef 
area are indicative of a reef in decline (Oyster monitoring draft).  

− Amount of appropriate oyster reefs is dependent on estuary.  

Presence/absence 
of shell material.  

Poor: No shell available.  
Fair:  
Good:  
Very Good:  

Reef relief.  Poor: Decrease in height over a 3-4 year period.  
Fair: No decrease, but no signs of shell accretion.  
Good: No decrease in height, but signs of shell 
accretion. 
Very Good: Increase in height over a 3-4 year period.  

Reef area.  Poor: Decreases in reef area.  
Fair:  
Good: Equal to original area.  
Very Good: Greater than the original area.  

Reef footprint.  Poor: None.  
Fair:  
Good:  
Very Good:  

KEA: Population Structure  
State of success: A wide diverse recruitment. 

− Oyster density is important in that it provides information 
concerning oyster survivorship, mortality, and recruitment on 
reefs. The amount of recruitment occurring on a reef must be 
quantified over several recruitment periods to determine if a 
restored reef could be sustained through recruitment.  

Mortality rate.  Poor: Mortality > recruitment.  
Fair:  
Good:  
Very Good: Mortality < recruitment.  

Larval recruitment 
(Spat 
settlement/spat fall).  

Poor:  No signs of recruitment (larvae are not 
attaching to available shells). 
Fair: 
Good: 
Very Good: Definitive signs of recruitment. 
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Table 3.3 Shell bottom (continued). 
 Indicator Rating (poor, fair, good, very good) 

KEA: Seed Areas (Sources)  
State of success: Oyster sanctuaries provide sources of recruitment.  
− Oyster reefs occur at varying distances upstream in estuaries, 

depending upon salinity, substrate, and flow regimes.  
− The southern estuaries have the greatest relative area of shell 

bottom.  
− Oyster density is important in that it provides information 

concerning oyster survivorship, mortality, and recruitment on 
reefs. The amount of recruitment occurring on a reef must be 
quantified over several recruitment periods to determine if a 
restored reef could be sustained through recruitment.  

Oyster 
sanctuaries.  

Poor: No sanctuaries or other seed sources for 
harvested areas. 
Fair: 
Good: 
Very Good: Harvested areas are within proximity of 
oyster sanctuary acting as a source. 
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Table 3.4 Estuarine wetlands. 

 Indicator Rating (poor, fair, good, very good) 
KEA: Connectivity  
State of success: Wetlands serve as a buffer and as a connected to undeveloped uplands and other wetland/riparian habitats.  

− Estuarine wetlands can buffer uplands and basinwide 
developments as well as serving as natural buffer connecting to 
other natural habitats.  

− Salt marshes grow or migrate landward with rising sea level. 
Therefore adjacent natural shorelines must be available, 
otherwise marshes will disappear with sea level rise. Ideal 
connectivity includes fostering interactions between systems 
(uplands) as well as supporting species movement and migration 
and providing climate change routes.  

− Buffers quality determined by proximity, size, and area. 

Extent of buffer 
around habitat.  

Poor: <50 percent of target is buffered by natural 
communities.  
Fair: 50-75 percent. 
Good: 75-90 percent. 
Very Good: > than 90 percent of target is buffered by 
natural communities.  

Length/width of 
buffer.  

Poor:   
Fair: 
Good: 
Very Good:  

KEA: Natural Extent (Size)  
State of success: Estuarine wetlands experience no net loss and provide high quality habitat for associated species.  

− The more wetlands the better given historic losses.  
− The CHPP identifies wetlands by type and estuary for NC 

(199,068 acres of salt/brackish marsh; 28,291 acres of 
scrub/shrub; 968 acres of estuarine forests). Estimates for the VA 
region are needed, but it is feasible to use this information as 
baselines and develop quantitative goals for the amount of each 
habitat by estuary.  

− Adequate size to foster interactions between systems (uplands) 
and to support species movement and migration.  

− Role of narrow fringing marshes (20-30 meters wide) provides 
crucial habitat (Curin, personal communication) fish benefit from 
edge. 

Aerial extent.  Poor: Less than 1994 CHPP estimates. 
Fair: 
Good: 
Very Good: Greater than 1994 CHPP estimates.  

KEA:  Plant Biodiversity  
State of success: An appropriate diversity of native plant species.  

− High marshes have greater plant diversity than low marshes, 
however low marshes serve important ecosystem functions such 
as providing habitat.  

− Species association is tied to levels of salinity, pressure, and tidal 
elevation.  

Percent cover of 
native vegetation.  

Poor: <50 percent.  
Fair: 50-75 percent. 
Good: 75-90 percent. 
Very Good: >90 percent. 
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Table 3.5 Natural shore zones. 

  Indicator Rating (poor, fair, good, very good) 

KEA: Connectivity  
State of success: Shore zones connected to surrounding upland habitats  

− Connectivity refers to uplands as well as the amount of natural 
buffer. Ideally there is a continuous length of natural shorelines 
with no hardening structures.  

− Total length and width of natural shore zone.  
− Width to developed land — the  the wider the better.  
− Chesapeake Bay example (1,000 ft buffer).  
− Slope affects the width of shorelines with respect to the mean 

high water.  

Mean buffer width.  Poor: No natural buffer. 
Fair: 
Good: 
Very Good:  

Connectivity to 
upland habitats.  

Poor: No connection to upland habitats. 
Fair: 
Good: 
Very Good:  

Amount of 
contiguous natural 
shore zones.  

Poor:   
Fair: 
Good: 
Very Good:  

Amount of 
hardening 
structures or natural 
shoreline alteration.   

Poor: Hardening structures present. 
Fair: Few to none. 
Good: 
Very Good: None.  

KEA: Vegetation  
State of success: Natural shore zones with appropriate vegetative cover  

− There is little vascular plant species associated with these areas, 
but there is a presence of benthic microalgal communities 
associated with tidal flats and high productivity.  

Invasive species.  Poor: >50 percent invasive cover.  
Fair:  25-50 percent invasive cover. 
Good: 5-25 percent invasive cover. 
Very Good: <5 percent invasive cover.  

Presence of benthic 
microalgal 
communities.  

Poor:  
Fair:  
Good:  
Very Good:  
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Table 4.1 Dry longleaf pine communities. 
  Indicator Rating (poor, fair, good, very good) 

KEA:  Fire Regime 
State of success: Mature longleaf trees and lush herbaceous understory achieved through a frequent fire regime. 

- Fire reduces hardwood growth, suppresses encroachment of 
woody species, ensures an open canopy perpetuating the 
character of the habitat, and releases nutrients. Fire is a 
process-related indicator, not an outcome. The type of burn 
regime you want to have is situation-dependent. There are many 
variables to consider in a prescribed burn — frequency, season 
(dormant or growing), and intensity (cooler or hotter).  

- Annual burns have great results for plant diversity at a small 
scale. Leaving more than 3 years between burns in the sandhills 
is a problem. Species like quail, Bachman's sparrow, and RCWs 
have similar fire preferences. Every upland pine forest ought to 
be burning in the 2-3 year range, with the possible exception of 
sand barrens.  

- Consider landscape context such as meta-populations of 
species, larval, breeding, and growing seasons as well as extent 
of burn and refugia. The seasonality of burns is an important 
consideration, not just for the vegetation but for conservation of 
insects as well, since some life stages are more vulnerable than 
others. Given a 2,000 acre longleaf savanna, the goal would not 
be to burn all 2,000 acres every year, but break it into small burn 
units. A burn unit size of 100 acres or less would be good, but 
<50 would be the best. These small units create the desired 
habitat mosaic where different areas are found with different 
cover contents, and animals with different resource 
requirements can shift. 

- Indicator ratings should also incorporate growing season burns 
and dormant season burns. Very good might include growing 
season burns, while good would be the right frequency but all 
dormant season. 

Burn regime. Poor: >10 years. 
Fair: 7-10 years. 
Good: 5-7 years. 
Very Good: 2-5 years. 
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Table 4.1 Dry longleaf pine communities (continued). 

 Indicator Rating (poor, fair, good, very good) 

KEA: Patch size/proximity 
State of success: High quality patches of various sizes ranging from large to small within suitable distances to support meta-populations of 
species. 

- There are several issues to consider in terms of patch size, 
proximity, condition, associated species, and landscape 
permeability when considering patches. A whole natural patch can 
be identified by surrounding natural ecotones and transitions to 
other existing communities. 

- Proximity is related to patch size and type of fragmentation 
separating patches (ag field vs. interstate). Large patches can be 
farther away from one another while smaller patches need to be 
closer together. Proximity also depends on the species (e.g., birds 
or herps). In terms of dispersal, there is major variation between 
species and between individuals. Some individuals will disperse 
much further than the majority. All else being equal, large patch 
sizes and close-together smaller patches are better.  

- NatureServe identifies separation distances that could be used to 
determine proximity.  

- Need to define what is a patch and what constitutes a 
fragmentation of a patch (road, trail, a dirt road). 

- Possible to identify patches (once defined) using GAP data and a 
GIS exercise using a rule set for separation (see Steve Hall's guild 
mapping work – focus on extent of habitat patches for various 
species). 

- Need to define ideal condition as well as numeric goal for longleaf 
pine (# acres, functioning ecosystem, representative component of 
species) such as increasing acreage by 10 percent over a 10-year 
period.  

- RCW biologists may have a better idea of how many acres are 
needed to support a viable RCW population, since RCW is the 
most area-requiring species of the whole system. 

- Among different types of longleaf forest, the most imperiled type is 
longleaf forest on good soils. The dry longleaf upland forest on 
sandy soils burn more frequently and therefore have persisted over 
time.  

- A non-urbanized buffer is preferable to intense development. 

Size of patch. Poor: <20 acres and not one of the largest examples 
of its community type. 
Fair: 20-1,000 acres and not one of the largest 
examples of its community type. 
Good: >1,000 acres or largest example of community 
type. 
Very Good: >2,000 acres or entire unaltered natural 
patch. 

Proximity. Poor: Isolated beyond the dispersal distance of all but 
the most generalist species. 
Fair: 
Good: 
Very Good: Connected to other patches of habitat for 
most habitat specialists of system. 

Total area across 
ENCSEVA region. 

Poor: Decrease in longleaf area. 
Fair: Maintain longleaf area. 
Good: All existing remnants remain with a slight 
increase in new lands/restoration. 
Very Good: Dramatic increase/restoration. 

Buffers 
surrounding 
patches of 
longleaf. 

Poor: <10 percent perimeter buffered. 
Fair: 
Good: 50 percent perimeter buffered. 
Very Good: >50 percent perimeter buffered. 
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Table 4.1 Dry longleaf pine communities (continued). 

 Indicator Rating (poor, fair, good, very good) 
KEA: Plant Biodiversity 
State of success: An appropriate diversity of plant species and composition given the geographic location. The rating of “Poor” can also indicate a 
regime shift.  

- Specific herbaceous plants, woody plants, and grasses will vary by 
location. Managers can use diversity indexes appropriate to site location to 
support more scientifically based decisions for veg management. Measure 
site biodiversity by how much area retains appropriate species (herbs, 
herbaceous and woody plants). Strictly focusing on uplands, less shrub is 
desirable. But when applied across landscape, the upland mosaic will be 
interspersed with lowland and riparian areas, characterized by shrubs like 
galylussacia and vaccinium, which are appropriate and benefit wildlife. The 
transition zone is dynamic and depends on fire regime. A focus is to 
maintain transition zones, which do include shrub-dominated areas. 

- Biodiversity considerations will potentially require a much more intensive 
monitoring program. Need to define the vegetation monitoring size for 
groundcover (average across entire stand, contiguous patch).  

- > 10,000 acre patches, groundcover will be patchy and highly variable, 
which may be desirable. Using overall averages loses information about 
variability of groundcover. WRC tracks "useable habitat" for quail and 
Bachman's sparrow with an eyeball survey at the scale of each forest 
stand (management unit usually defined by fire breaks, a burn unit). These 
stands/management units vary from 10 acres to 200 acres, and 
assessment at this scale has been manageable. There is also difference 
between absolute and relative ground cover. >90 percent ground cover 
would be too thick as wildlife need patches of bare ground or open space, 
though having too much native ground cover is still better than too little.  

- Not all invasives are equal. The Carolina Vegetation Surveys demonstrate 
that the sandhills are a "cold spot" for invasives. The most prevalent 
invasive species in sandhills longleaf habitat is cogongrass, forming a 
dense stand of grass and burns at high temperatures, 
shading/outcompeting all other grass and eliminating groundcover plant 
diversity.  

- With a burn regime and management, there will be high diversity in forest 
groundcover and it is possible to have high quality forest 50 percent 
longleaf in the canopy. The problem is fire exclusion, not canopy species 
dominance. 

Non-native 
invasive species. 

Poor: >25 percent invasive cover. 
Fair:  2-25 percent invasive cover. 
Good: <2 percent invasive cover. 
Very Good: 0 percent invasive cover. 

Percent 
native/appropriate 
herbaceous 
groundcover and 
grasses.  

Poor: <20 percent.  
Fair: 21-50 percent. 
Good: 51-90 percent. 
Very Good: >90 percent. 

  



E-28 
 

 
Table 4.1 Dry longleaf pine communities (continued). 

 Indicator Rating (poor, fair, good, very good) 
KEA: Plant Structure 
State of success: Spacing of trees that allows light penetration to the forest floor and encourage the growth of herbs and grasses. 

- An adequate basal area which moves away from “plantation” 
forests and encourages light penetration. 

- If basal area (BA) is too high, ground cover and midstory gets 
shaded out. Longleaf is naturally patchy, not uniformly 
homogeneous at one BA/acre. Basal area is important for 
longleaf, but is also reflected with groundcover indicator. Longleaf 
needs minimum BA (specified as 40 the RCW recovery plan). 
The ideal maximum is approximately 60. 

- Age of longleaf trees matters for RCWs—they have no nesting 
value until 60-80 years for RCW in the absence of artificial 
cavities. Painting a picture of your ideal longleaf ecosystem, it will 
include mature trees >100 years old and some regenerating 
younger trees, with a relatively open basal area, fire every 2-3 
years, and 60 percent herbaceous ground cover.  

- Review Sand Hills Conservation Partnership to determine 
longleaf pine indicators and monitoring. 

- If BA/acre gets down toward 20, the fire burns cooler and more 
oaks come up. 

- Age is important since the most stable and secure longleaf pine 
stands will have a diversity of age classes. Uneven aged forests 
support system stability.  

- Ideally subcanopy cover is sparse/low cover. Small oak patches 
are beneficial and appropriate as they provide wildlife mast. 

Basal area per acre. Poor: <20 or >100. 
Fair: 20-30 or 81-100. 
Good: 30-80. 
Very Good: 30-60. 

Upper canopy - 
mature open 
canopy.  

Poor: <20 percent.  
Fair: 20-50 percent. 
Good: 50-90 percent. 
Very Good: >90 percent longleaf. 

Midstory structure/ 
composition 

Poor: 
Fair: 
Good: 
Very Good 

Understory/ 
subcanopy trees.  

Poor: 
Fair: 
Good: 
Very Good 

Shrub layer at an 
appropriate natural 
density — it should 
be sparse. 

Poor: 
Fair: 
Good: 
Very Good: Sparse and patchy. 

Canopy age 
structure. 

Poor:  
Fair: Uniformly young and dense. 
Good: Uniform but some old trees present. 
Very Good:  Uneven aged, fine-scale mosaic with 
patches of different ages. 
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Table 4.2 Xeric hardpan woodlands. 

 Indicator Rating (poor, fair, good, very good) 

KEA: Plant Biodiversity, Composition, and Structure 
State of success: An appropriate diversity of plant species, composition, and structure. 

- Canopy is dominated by drought tolerant species in the state, 
post oak and blackjack oak, some shortleaf pine and is often 
somewhat open. While dense brush often occurs beneath the 
open canopy, these communities were likely once open and 
grassy beneath.  

- Presence of light-requiring native and appropriate herbaceous 
species (no dog fennel and broom sedge and poke weed).  

- Percent native cover refers to relative cover (i.e., 80 percent of 
the cover present is comprised of native species). If you mean 
what percentage of the cover you have is native, very good would 
be 100 percent.  

- There is a distinction between desired herbs and weedy herbs.*  
- Desired herbaceous plants are sun-loving climax herbs.  
- Consider adding shortleaf pine to the description of appropriate 

canopy species. These habitats were originally pine-dominated, 
but after the pine was originally cut hundreds of years ago, the 
hardwoods dominated. Percent native cover seems like a good 
indicator.  

- As long as the overstory is open, that is good. We need light 
penetration, so no closed canopy. 

Percent cover 
composed of native 
species. 

Poor: <50 percent. 
Fair: 50-75 percent. 
Good: 75-90 percent. 
Very Good: >90 percent. 

Overstory condition. Poor: Thick dense overstory comprised of 
inappropriate species. 
Fair: Some appropriate species but made too dense 
by inappropriate species. 
Good: Somewhat open overstory varying to somewhat 
dense but appropriate hardwood species.  
Very Good: 60-80 percent tree cover — open 
overstory dominated by appropriate hardwood species 
(i.e., post oak, hickories, scattered pine). 

Understory 
condition. 

Poor: No herbaceous ground cover/dominated by 
shrubs and brush.  
Fair: Ground cover composed of weedy herbs. 
Good: Appropriate sun-loving climax grasses and 
forms present. 
Very Good: A sparse understory and shrub layer with 
abundant grasses and forbs (i.e., lots of herbaceous 
material). 

Recruitment Poor:  
Fair:  
Good:  
Very Good: 

*Weedy refers to ruderal, or weedy in the ecological sense (r-selected instead of k-selected, the classic pioneer species). These are the species 
that typically colonize disturbed soil, but which AREN'T desired in a xeric hardpan woodland. 
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Table 4.3 Xeric hardpan woodlands (continued). 

 Indicator Rating (poor, fair, good, very good) 

KEA: Fire Regime 
State of success: A frequent fire regime that allows for the regeneration of oaks, hickories, pines, and herbaceous plants. 

− These communities naturally existed as open woodlands or 
prairie savannas. They have become denser in recent years 
because of fire suppression. 

− Some uncertainty as to an appropriate fire regime for xeric 
hardpan woodlands. Since they tend to occur in relatively small 
patches surrounded by an oak/hickory forest, the hardpans can't 
have burned any more frequently than the oak/hickory forest, 
therefore a fire regime should mimic fire frequency of oak/hickory 
forest. However, xeric hardpans are more sensitive to fire in the 
sense that the ecosystem changes more in the absence of fire 
than the oak/hickory forest does.  

Burn regime. Poor: No burns within past 15 years. 
Fair:  No burns but area maintained by thinning. 
Good:  Burn within past 10-15 years. 
Very Good: Frequent enough fire to maintain an open 
canopy and sun-loving herbaceous groundcover 
(approximately 5-10 years). 
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Table 4.4 Early successional habitats. 

 Indicator Rating (poor, fair, good, very good) 
KEA: Plant Composition and Structure 
State of success: An appropriate diversity of plant species and composition given the geographic location.  

− NC WRC provides guidelines on maintaining early successional 
habitat and states that at least 20 percent of the ground cover 
must consist of native grasses and forbs (non-woody flowering 
plants) beneficial to wildlife.  

− Small patches of vines or shrubs contribute to habitat value, but 
woody vegetation should not shade out the grasses and forbs.  

− Early successional habitat can range from shrublands to 
grasslands with lots of variation, all across a spectrum ranging 
from short sparse grass and dense/shrubby vegetation. Typically, 
early successional habitat can mean one of three things (1) 
naturally open communities containing stable populations of sun-
loving climax herbs, (2) old fields (overtly altered and then 
abandoned) so weeds and true secondary succession species 
colonize, or (3) an artificial construct of planted grasses, which 
might approximate what the pastures of early colonists looked 
like.  

− Meadowlarks, loggerhead shrikes, towhees, prairie warblers, and 
animals that use open herbaceous habitat adapt well to clearcuts 
and abandoned ag fields. There are less abandoned ag fields 
than previously as most transitioned into successional pine 
stands. 

− Desired shrub cover varies by species. Some species require 
small, scattered shrubs among grassier habitat. Other species 
want a denser, solid shrub layer while some species such as 
quail, meadowlarks, and shrikes will tolerate only a few scattered 
shrubs. Therefore, since early successional habitats are lumped 
into one group, we provide indicators for native herbaceous and 
shrub cover – although these indicators are subjective to a 
management goal. 

− Managers strictly managing for quail may prefer no trees as they 
provide purchase for birds of prey. In general, some trees present 
will support a wider suite of species than sites with no canopyl. In 
general, a few trees is fine  but some species in early 
successional habitat don't need any trees. 

Percent native 
herbaceous cover. 

Poor: <10 percent. 
Fair: 10-25 percent. 
Good: 25-40 percent. 
Very Good: >40 percent. 

Shrub/midstory 
cover < 10ft in 
height. 

Poor: <60 percent. 
Fair: 60-75 percent. 
Good: 75-90 percent. 
Very Good: >90 percent. 
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Table 4.5 Early successional habitats (continued). 

 Indicator Rating (poor, fair, good, very good) 

KEA: Disturbance Frequency 
State of success: Frequent disturbance within the landscape which provides conditions for the presence of early succession communities. 

− Some amount of early successional habitat is desired within the 
landscape but not at the expense of degrading another 
conservation target. 

  

Disturbance 
frequency 

Poor: > 4 years and <1 to 2 years.  
Fair:  
Good: 3-4 years. 
Very Good: 2-3 years. 

KEA: Amount of Early Successional Habitat 
State of success: Adequate amount of early successional habitat to support viable populations of resource dependent species. 

− The amount, patch size, and distribution of desired early 
successional habitat are dependent of scale and landscape 
context. Quantifiable goals may be driven by species’ 
management goals. Many species depend on rapidly colonized 
areas as succession renders other areas unsuitable. These 
species are often area sensitive and require minimal contiguous 
habitat patch size before colonization or successful reproduction. 
Desired amounts of this target are dynamic but within a variation 
range between <10 percent (too little) and >80 percent (too 
much). 

− Historically, successional state is temporary, lasting 5-10 years.  
− NCWRC research suggests landscapes with a greater proportion 

of land in early successional habitats achieve more benefit from 
management on a cost basis than work on the same number of 
acres on early successional habitat within in a forest. 

− Consider prioritizing location and identify regions to expand this 
target (SE Coastal Plain, some parts of Western Piedmont) as 
well as the types of early successional habitats are desired. For 
example, abandoned ag fields should not be dominant patch 
type in the landscape.  

− Experts state it is preferable to have several patches of various 
sizes within the landscape within proximity.  

−  Within high quality landscapes (largely ag/early successional), a 
patch size of 20+ acres could support many sensitive species 
(e.g., meadowlarks, grasshopper sparrows). Within a low quality 
landscape (urban or heavily forested), the necessary patch size 
would increase (e.g. 250+ acres). 

Amount of early 
successional habitat 
within the 
landscape. 
  

Poor: <5 percent. 
Fair: 5-15 percent. 
Good: 15-35 percent. 
Very Good: >35 percent. 
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Table 4.6 Oak/hickory forests. 

 Indicator Rating (poor, fair, good, very good) 

KEA: Species Composition 
State of success: An appropriate diversity of plant species and composition given the geographic location.  

− See Steve Hall's guild work and the natural community 
classification developed by the NC Heritage Program in 
collaboration with NatureServe. These classifications could 
provide information on expected species in the 
overstory/understory. These two data sources are distinct, but 
interact, feed into one another, and cover the entire landscape. 
Vegetation classification across the state was used to identify 
places where natural community had not been sampled by the 
Carolina Vegetation Survey. There are also county-by-county 
natural area inventories that describe the habitat types present in 
protected areas (for example, the highest-quality ecological 
sections of refuges).  

− Within oak/hickory forests, there is less focus on plant diversity 
and structure at the ground layer vs. the midstory and upper 
canopy trees - Most invasives will typically concentrate at the 
ground understory (e.g. microstegium). 

− Composition should target diversity by measuring # tree species 
at ground, mid and upper canopy. See references to develop lists 
of desired trees and develop ratings. Diversity also includes 
structural. A shrub and midstory layer is important for many 
species (e.g., wood thrushes, acadian flycatchers). A high 
diversity in the overstory provides a diverse range of mast types 
and timing periods of food availability to sustain wildlife 
populations. 

− Age of overstory trees depends on management and location, but 
forests take on old-growth characteristics between 75-100 years 
old. Oaks and hickories need to hit a critical age for mast 
production. 

− With recruitment focus on ratio of saplings to adult vs. seedlings. 
Seedlings are dependent on mast year. 

− Diseases and non-native pests (emerald ash borer, oak wilt, ash 
borer, hemlock wooly adelgid and sudden oak death) can reduce 

Percent 
exotic/invasive 
cover within the 
understory/ground 
cover. 

Poor: >20 percent. 
Fair: 6-20 percent. 
Good: 10-20 percent. 
Very Good: <10 percent. 

Understory 
composition. 

Poor:  
Fair:  
Good:  
Very Good: Appropriate understory composition (oak 
seedlings; some dogwoods, blackgum, sourwood, and 
limited red maple). 

Diversity (#) of tree 
species in 
overstory. 

Poor:  
Fair:  
Good:  
Very Good: Overstory within natural range of species 
composition (oaks, hickories, some shortleaf pine and 
other species such as white ash in basic sites). 

Age classes of 
overstory 

Poor: <20 years 
Fair:  20-50 
Good: 50-80 yrs 
Very Good: 80+ age class 

Percent of species 
vulnerable to pests 
and pathogens 
(some kind of 
vulnerability 
assessment). 

Poor: Pest and pathogens present and decreasing 
biodiversity. 
Fair:  
Good:  
Very Good: No pests and pathogens present. 
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tree species of interest. Decreases in species diversity from the 
canopy can capture a possible pathogen or pest event, but there 
is value in measuring/tracking these individually. 

Table 4.7 Oak/hickory forests (continued). 

 Indicator Rating (poor, fair, good, very good) 

KEA: Frequent Fire Regime 
State of success:  

− Fire reduces understory which interferes with oak regeneration, 
promotes more herbaceous growth. With a burn regime, less red 
maple and more likely to have oak regeneration and canopy gaps 
last longer to promote herbaceous growth. 

− In some situations, having occasional fire is a good thing, but 
there are some cases where an oak hickory forest does just fine 
without fire (e.g., some of the more shaded or mesic hardwood 
stands). In some cases forests that haven't seen fire at all still 
achieve old-growth characteristics simply by trees aging out and 
by other disturbance like ice storms and wind, which create the 
necessary canopy gaps and revitalizes the system. 

− There are differences in opinion of how important fire itself is as 
the disturbance of choice, or whether simply disturbance is 
important and fire is just one candidate. Small-scale disturbances 
are more preferable.  

− While the understory should be influenced by fire, but the 
ecosystem isn't fire dominated. Mostly it is an issue of limiting 
less desirable (native) vegetation, instead preventing the invasion 
of plants that shouldn't be there. 

 

Fire regime. Poor: None or >10yrs. 
Fair:   
Good:  
Very Good: 5-10 years. 
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Table 4.8 Mesic forests. 

 Indicator Rating (poor, fair, good, very good) 
KEA: Species Composition 
State of success: An appropriate diversity of plant species and composition given the geographic location.  

− In general older and uneven aged is better as a habitat condition, 
but this cannot be measured remotely.  

− The Carolina Vegetation Survey could provide numbers on many 
of the blank ratings. For this indicators exercise, the way they 
sample very high quality stands would be very helpful by 
identifying and evaluating model stands.  

− For overstory and understory composition indicators 
"appropriate" tree species will differ because of the community 
variation within mesic forests. Some are fairly species-rich 
(basic), but acidic soils do not support as much diversity.  

− Appropriate species (beech, ash, sugar maple, some oaks, some 
tulip poplar) will be hardwood-dominated, with a low percentage 
of shortleaf or loblolly acceptable. 

− Inappropriate: loblolly, too much sweetgum, all tulip poplar. 
− These ecosystems didn't burn as much as oak/hickory forests. 

Sugar maple is very fire intolerant and it's appropriate that a lot 
of it is present in mesic forests. Magnolia is present in basic 
sites.  

− Where fire has a less important role and communities are a lot 
more stable, patchiness is determined largely by windthrow and 
pests and pathogens.  

− Invasives like privet and microstegium are a major problem in 
mesic forests. Other invasives include autumn olive, Russian 
olive, and the lespidizas. 

Percent 
exotic/invasive cover 
within the 
understory/ground 
cover. 

Poor: >20 percent. 
Fair: 6-20 percent. 
Good: 10-20 percent. 
Very Good: <10 percent. 

Understory 
composition (<10ft). 

Poor: 
Fair:  
Good:  
Very Good: 

Mid- and upper 
canopy species 
richness (>10ft) 
species richness. 

Poor: Low plant species diversity.  
Fair:  
Good:  
Very Good: High species diversity. 

Age classes. Poor: <20 years and even aged. 
Fair: 20-50 years or 50-80 years and even aged. 
Good: 50-80 years with some young/recruitment.  
Very Good: 80+ uneven aged. 
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Table 4.9 Mesic forests (continued). 

 Indicator Rating (poor, fair, good, very good) 
KEA: Vegetation Structure 
State of success: A highly diverse forests with appropriate native flora and fauna. 

− Common habitat, but degraded (even aged, high or low average 
DBH can mean low diversity whereas a high quality site 
characteristics would include a heterogeneous, uneven aged, 
high DBH (>70-80) forests with lots of replacement. 

− Fire is not a KEA, but does occur. These forests are where the 
fire tends to “dip out”. Tend to be in a “fire shadow”. Natural fire-
break unless there is an extreme drought.  

− Are not as affected by drought as oak/hickory as they have richer 
and wetter soils.  

− Deer would affect these environments as well (and deer are 
most likely broadly applicable across habitats). Need to decrease 
deer populations.  

− Recruitment refers to saplings coming out of the ground and 
sprouting. It is a snapshot of the young trees present, which 
could potentially become the next forest. Oaks do typically make 
it out of the ground, but have a harder time making it into the 
canopy through gaps. This requires advance regeneration of 4-5 
ft tall sapling oaks scattered through the midstory in order to 
compete with maples and poplars. 

− Management history and timber harvest history has affected 
what's now present mesic and oak/hickory forests. Certain trees 
were valuable so loggers removed the ashes, walnuts, etc.  

− Small patch clear cuts are a potential regeneration tool to 
provide different age classes. This would contribute to the overall 
health of the forest, less susceptibility to disasters/more stability. 

Overstory canopy 
cover. 

Poor: Open canopy (<50 percent canopy closure). 
Fair: 50-75 percent canopy closure. 
Good: 75-90 percent. 
Very Good: Closed canopy with a few gaps 90 
percent+ canopy closure with a few gaps. 

Recruitment. Poor: No recruitment of desired canopy species. 
Fair:  Some recruitment. 
Good: 
Very Good: Appropriate canopy species recruiting in 
gaps at rates sufficient to maintain overstory 
composition. 
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Table 4.10 Granitic outcrops and glades. 

 Indicator Rating (poor, fair, good, very good) 
KEA: Plant Biodiversity 
State of success: An appropriate diversity of plant species and composition given the geographic location.  

− On flat rocks, the maximum amount of absolute cover might be 
10-20 percent, so if you had 20 percent cover of exotics present 
that could be all the plants. 

− A granite flatrock may only have 20 species that naturally occur 
on it, but 10 of them may occur nowhere else!   

− Some glades are fire-dependent, but they still stay glades even if 
they don't burn. 

− Outcroppings and glades are different. Glades have shallow soil 
with rock underneath, but sufficient soil is present to support 
substantial herbaceous vegetation cover (usually 80-90 percent 
plant cover). Typically enough trees are able to root to provide 50 
percent tree cover.  

− The main threats are bulldozing/quarrying and exotic plant 
invasions, as well as human traffic. The areas are small and 
attract people, so they are very sensitive to trampling and soil 
disturbance.  

− Artificial granite outcrops could potentially be constructed out of 
cement to address species conservation needs. 

− The size and cragginess of a rock outcropping relate to quality, 
but there is little in the way of management strategies to address 
the viability of this target. Quality is really defined by innate 
characteristics such as size and structure. In general, big rock 
outcrops (with more cracks, crevices, ledges, cave openings, 
etc.) are better because they support more micro-habitats.  

− Landscape context (natural buffers around the granitic outcrops 
and glades) is important. The 650 feet immediately around the 
rock outcrop are the most important for maintaining microclimate 
condition and foraging conditions for green salamanders, wood 
rats, etc. If other rock outcrops are present within a few miles, 
ideally we would want to see a lack of major development or 
roads dissecting the neighboring outcrops within 3-3.5 miles. 
Retaining mast trees in the surrounding landscape is also 
supposed to be important (for wood rats and maybe some 
rattlesnakes in terms of supporting the rodent population). 

Invasive cover. Poor: >20 percent. 
Fair: 10-20 percent. 
Good: 5-10 percent. 
Very Good: 0 percent. 

Appropriate 
composition and 
diversity. 

Poor:  
Fair:  
Good:  
Very Good:  

Soil disturbance 
from visitation 
impact (i.e., 
trampling). 

Poor:  All vegetation trampled. 
Very good:  No impacts of trampling. 
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Table 5.1 Barrier island landforms. 

 Indicator Rating (poor, fair, good, very good) 

KEA:  Overwash regime  
State of success: Natural geomorphic regimes occur with a beach habitat characterized by natural dune formation. 

− Maintained dunes prohibit the effects of overwash (sand 
movement toward estuary) and inadvertently narrow island width. 
There is a need to measure the amount of managed/protected 
areas where there is ability to NOT manage dunes but allow 
natural overwash areas. Example: the NPS bulldozes sand off of 
roads. If NPS and DOT stopped bulldozing sand, the islands 
would revert back to a natural system. 

− There is high variability associated with dune formation - where 
there are natural shorelines, there should also be extensive 
natural dune complexes with appropriate dune formation, but 
overwash segments dunes and they vary significantly according 
to the processes of the natural system. Overwash platforms are 
very important from an ecosystem perspective, since they form 
nesting areas for birds and turtles and build the height and width 
of the island to keep pace with sea level rise.  

− Success could be measured indirectly through the extent of 
natural geomorphic process disrupted. 

− Erosion rates vary greatly along the shoreline with location, partly 
as a function of bathymetry and bottom structure on the 
nearshore shelf, both of which influence wave energy striking the 
shore and the height of wave run-up on the beach. Erosion rates 
are also influenced by storm activity and patterns. The NC 
Division of Coastal Management produces maps based on 
shoreline erosion rates, determined from aerial photos. The 
beginning and end points of the rates are averages and 
independent of the storms that generate long-term net change. 
Although the avg annual shoreline erosion rate is a real number, 
it does not reflect extreme #s from store events. The extremes 
are the significant factor (particularly for landowners), and the 
local rates of 12-15 feet per year, not the NC coastal average of 
1.5 ft/yr, a significant # for both development and habitat. Also 
NCDCM erosion maps don't account for beach renourishment. 

Linear length of 
natural shoreline 
and dune 
complexes where 
appropriate. 

Poor: Percent decrease. 
Fair: Maintain.  
Good: Percent Increase. 
Very Good:  Percent increase (significant). 

Percent of total area 
impacted by 
hardening 
structures (jetties, 
groins, bulkheads, 
sandbags, etc.). 

Poor: 
Fair: 
Good: 
Very Good: 

Length of shoreline 
with hardening 
structures (percent 
based on amount of 
shoreline. 

Poor: Percent shoreline armored increases. 
Fair:  Percent shoreline armored maintained. 
Good: Percent shoreline armored decreases. 
Very good: Percent shoreline armored decreases 
rapidly. 

Linear length of 
beaches actively 
renourished within 
three years. 

Poor: 
Fair: 
Good: 
Very Good: 

Shoreline erosion. Poor: 
Fair: 
Good: 
Very Good: 
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Table 5.2 Barrier island landforms (continued) 

 Indicator Rating (poor, fair, good, very good) 

KEA:  Overwash regime  
State of success: Natural geomorphic regimes occur with a beach habitat characterized by natural dune formation 

- DOT is required to monitor renourished beaches every 2 months, 
which has produced a suitable data set to do economic and 
ecological studies.NC typically flies the coast before and after a 
storm with LIDAR to get good information on how different parts 
of the coasts respond.  

- Long-term monitoring of the linear extent/length of beach, while 
related to length of shoreline, will assist managers identify 
encroachment into natural areas. Linear extent of natural areas 
indicator would be a factor once jetties/groins are installed, 
because hardening will interfere with natural processes downdrift 
of the hardenings. This should be the inverse of indicator "length 
of shoreline impacted by hardening structures". The linear extent 
of the natural areas would be useful to identify encroachment into 
natural areas. Linear extent of natural areas indicator would be a 
factor once jetties/groins are installed, because hardening will 
interfere with natural processes downdrift of the hardenings. This 
should be the inverse of the third indicator "length of shoreline 
impacted by hardening structures", gives you a check on the 
data. 

- Refining these indicators should also include a time component 
to generate a rate.  

- To determine the entire area impacted by shoreline hardening 
requires time series of data for shoreline erosion rates in the 
area, which do exist. Compare shoreline erosion rates/baselines 
before and after installed hardening structures. This indicator 
requires digitized shoreline aerial photographs before and after 
the placement of hardened structures.  

- Renourishment can negatively impact invertebrate species 
- Total length of shoreline present (the baseline) significantly 

impacts whether the amount of hardening is good or bad. 
Absolute length and  percent should also be recorded to put that 
absolute length into context. 

Percent of beach 
prograding 

Poor: 
Fair: 
Good: 
Very Good: 
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Table 5.3 Sea turtle nesting habitat. 

 Indicator Rating (poor, fair, good, very good) 
KEA: Nesting productivity 
State of success: High numbers of nesting success with low disturbance from anthropogenic influences. 

- Although the NPS has nesting records, there is no spatial analysis for this 
data across ENCSEVA geography.  

- Environmental as well as anthropogenic variables influence the number of 
nests/clutch frequency. Environmental variables include environmental 
stochasticty, periodicity in ocean conditions, density-dependent and density-
independent factors affecting survival, somatic growth, and reproduction 
(Meylan 1982, Hays 2000, Chaloupka 2001, Solow et al. 2002). Given the 
factors which cannot be controlled or reflected by management, it may be 
better to set a target range than an average for a goal. 

- Loggerhead recovery plan calls for annual rate of increase over a generation 
(50 years) of > 2 percent resulting in a total annual >14,000 of nests of for 
northern range (GA to NC). The approximate number of nests is NC and 
southern VA is 2,000. Nest increases must result from increases in number 
of nesting females (estimated from nests, clutch frequency, and remigration 
interval). An amendment to the Biological Opinion for Cape Hatteras 
National Seashore’s Interim Protected Species Management Strategy: 
“Percent of State's total sea turtle nests (all species): the number of sea 
turtle nests at the Seashore annually will be ≥ 10 percent of the state-wide 
average for the previous 5 years.” 

- Little nesting occurs in SE VA. Ninety to 95 percent of turtles nesting on the 
NC and VA coast are loggerheads, although all species of turtles should be 
represented for explicit goals. The assumption is that an increase in nesting 
turtle populations should also parallel an increase in suitable, high-quality 
habitat.  

- Clutch frequency is related to the number of nesting females. (Clutch 
frequency is needed to calculate number of nesting females.) Because 
females move between area beaches, it's hard to capture clutch frequency if 
the scope is for a small or isolated beach. Adding a description of how this 
indicator is calculated (i.e., "satellite tagged") would be helpful so we know 
how these numbers are generated. Clutch frequency, not known until after 
the season, should be captures as a seasonal average. Also important to 
compare like nests with similar numbers of eggs. 

- For categories of nest predation, measure it by the number of nests that 
have experienced a predation event/a percent of nests affected. Easy to 

Percent rates of 
increase/decrease 
over a 10-year period. 

Poor: <0 percent increase (decrease). 
Fair: 0 percent increase (maintain).  
Good: 0-1 percent (increase). 
Very Good: >1 percent (increase). 

Seasonal clutch 
frequency. 

Poor: <2. 
Fair:  2-3.0 per female. 
Good: 3.1-5 per female. 
Very Good: >5 per female. 

Average hatch success 
per year (average over 
5-year periods). 

Poor: <45 percent. 
Fair:  46-55 percent. 
Good: 56-69 percent. 
Very Good: >70 percent. 

Non-native nest 
predation and/or nest 
lost. 

Poor:  >10 percent nests predated. 
Fair:  3-10 percent of nests predated.  
Good: 0-2 percent of nests predated. 
Very Good: 0 percent nests predated. 
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distinguish based on the egg shells what the predator was.  

 
Table 5.2 Sea turtle nesting habitat (continued). 

 Indicator Rating (poor, fair, good, very good) 
KEA: Suitable Nesting Habitat. 
State of success: High-quality nesting habitat with low disturbance from anthropogenic influences. 

− Beach renourishment can negatively impact beach habitat for 
turtle nesting as well as harming the invertebrate content of the 
beach that the nesting birds like to eat (under those conditions, 
there are no mole crabs, polychete worms, coquina) IF the 
project is done improperly. There are several examples where 
beach renourishment is appropriate. Shelly, hard sediments, fine-
grained sand with a high heavy mineral content, and coarse, 
overly-shelly sand associated with poorly chosen sources for 
beach nourishments are not suitable sand for nesting, and have 
been shown to induce false crawls. Muds at the other end of the 
sediment size spectrum may also inhibit nesting. 

− NC has metrics for the criteria required for beach renourishment 
sediments. Shoreline engineering is the only reason non-natural 
sediments are ever present. Beach nourishment occurs on 
essentially every island of the state. Nourishment projects are 
required to be sensitive to timing of turtle nesting, but often these 
requirements are not observed. This indicator can be quantified 
further by looking at sand suitability conditions. 

− There is no NC Sea Turtle Habitat Quality Index, therefore we 
include measurable indicators to reflect habitat quality.  

−  Light intensity does matter, but varies given the phase of the 
moon and season. For example, on a moonless night, some 
lights will appear very bright and have more impact. On a full 
moon night, ambient light is higher and this will be less disruptive.  

−  Adult females are less sensitive to light than hatchlings, and will 
still nest in areas that still have visible light at night. But, 
hatchlings will be more attracted to the light when they come out 
of the nest.  

−  Slope is a difficult indicator to measure because it varies 

Sand suitability 
(color, grain size, 
and mineral 
content). 

Poor:  
Fair:   
Good:  
Very Good: Medium-grained sand with grain size in 
the range of .3-.9 mm and a heavy mineral content of 
3-5 percent.   

Visible light 
reaching beach at 
night. 

Poor:  >20 percent of beaches reached by light at 
night. 
Fair:  10-20 percent. 
Good:  <10 percent. 
Very Good:  No beaches reached by light at night. 

Width of dry beach 
available above 
high tide line. 

Poor:  <8 m. 
Fair:  8-10 m. 
Good:  10-15 m. 
Very Good:  >15 m. 
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significantly, especially in NC with both East-West and North-
South beaches. The key criterion is the width of dry beach above 
the high tide line.  

− Rapidly eroding beaches aren't conducive for sea turtle nesting 
habitat either. 

Table 5.4 Barrier island–dependent birds. 

 Indicator Rating (poor, fair, good, very good) 
KEA:  Available Nesting Habitat 
State of success: Abundant, high-quality nesting habitat characterized by a natural dune profile with a natural spit area, small dunes with a little 
vegetation, bigger dunes, and then the primary dune. 

− Possible species to monitor include oystercatchers, terns, 
sanderlings, plovers, red knot and ruddy turnstones, semi-
palmated and black-bellied plovers.  

− Need to define “unfragmented” shoreline area.  
− Presence and distribution of suitable nesting habitat should 

include open areas, shell rake, clumps of  dune or sea grass, or 
other debris. 

− Beach-nesting waterbirds requiring management attention are 
common terns (species of Regional Concern persisting mainly in 
the Carolinas and definitely undergoing decline).  

− Terminal groins, although they can serve to support nesting 
habitat behind them, pose threats to ground-nesting birds and 
shoreline foraging birds because they impact overwash and 
decrease/degrade critical sand overwash flats by allowing dense 
vegetation to grow. They remove sand flows necessary to 
sustain flats in inlets — critical foraging grounds for a diverse 
suite of shorebirds.  

− Seawalls can influence erosion through wave action eroding 
water-ward sand flats (important foraging grounds for 
shorebirds, as well as demersal fishes and crabs like blue crabs 
and nesting areas for horseshoe crabs which feed migrating 
dunlin, etc.).  

− Mining of inlet sands of ebb-tidal and flood-tidal deltas for beach 
nourishment result in loss of sand flat habitats around inlets.  

− Beach nourishment sediment compatibility is a common theme. 

Percent 
area/shoreline 
length of unaltered/ 
unfragmented. 

Poor:  
Fair:   
Good:  
Very Good: 

Frequency of 
anthropogenic  
disturbance (off-
road vehicle traffic, 
dogs off leash). 

Poor:  
Fair:   
Good:  
Very Good: 

Percent of beach in 
the region where 
disturbance occurs. 

Poor:  
Fair:   
Good:  
Very Good: 

Extent of natural 
dune complexes. 
  

Poor:  
Fair:   
Good:  
Very Good: 

Percent change in 
available nesting 
habitat. 

Poor: >10 percent decrease in currently available 
nesting habitat.  
Fair: 10 percent decrease in currently available 
nesting habitat.  
Good: Maintain current available nesting habitat.  
Very Good: Increase available nesting habitat by 25 
percent or greater. 
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− All bird nesting occurs on the natural beaches, state parks and 
seashores. Development and tourist traffic (residential property, 
summer boating) causes birds to avoid nesting or abandon 
nests that they begin. Dog activity is a particular deterrent.  

− Development also means loss of habitat as well as disturbance. 
This affects shorebirds and birds like the painted bunting, which 
rely on the maritime shrub thicket.  

Presence of non-
endemic predators. 

Poor:  
Fair:   
Good:  
Very Good: 

Table 5.5 Barrier island–dependent birds (continued). 

 Indicator Rating (poor, fair, good, very good) 
KEA: Available Foraging Habitat. 
State of success: High-quality foraging habitat within close proximity to nesting habitat. 

− Open areas, shell rakes, frequency of disturbance. 
− Non-endemic predators. 
− Adult birds can fly to forage, but the further they fly when chicks 

are on the ground, the longer the chicks are exposed to 
predators (particularly avian). Foraging habitat should be in 
close proximity to nesting habitat, preferably shoreline or moist 
sand substrate (tidal sand flat or subshoal).  

− Sand quality is also an important consideration, as the right 
ratio of sand and shell is required for bird nesting.  

− Proper sand/shell substrate, preferably near water with some 
vegetation around the edges. 

− An indicator that captures the negative impacts of human use 
and disturbance would be useful. This includes foot traffic, 
beach driving, dogs off leashes, big umbrellas, and kites (kite 
surfing and kite boarding kites are particularly disruptive due to 
their size and mobility), although some experts disagree about 
the impacts of anthropogenic activity around foraging sites. 

Human 
use/anthropogenic 
disturbance. 

Poor:  
Fair:   
Good:  
Very Good: 
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Table 5.6 Maritime vegetated communities. 
 Indicator Rating (poor, fair, good, very good) 
KEA:  Faunal Diversity 
State of success: High diversity of fauna. 
− The presence of feral cats preying on native species is an issue 

as well as the presence of raccoons, which are considered 
native but can occur in such high populations as to suppress 
other native populations.  

− Need to identify key species as indicators for a healthy maritime 
forest or dune system. 

− The conservation target “maritime vegetated communities” 
could include three nested targets: dune, scrub-shrub, and 
maritime forest, with more precise KEAs and indicators to 
represent each habitat. 

− Areas with the most neo-tropical migrant birds are the shrubby 
zones at the ends of barrier islands (e.g., Fort Macon) rather 
than in the maritime forest.  

− May need to add up all of the migrants across a lot of habitat to 
get a meaningful number.  

− Reviewers expressed that we should try to capture reptiles, 
amphibians, mammals, etc. Herpetofauna are rich in diversity 
on complex barrier islands less susceptible to salt spray and 
overwash.  

− The presence of high-quality maritime shrub thickets or 
maritime forests is needed to support diverse migrant 
population. 

− Maritime vegetated community faunal diversity depends on the 
size of the vegetated patch. Small patches can support 
squirrels, raccoons, while bigger patches can support deer. 
Using patch could serve as an indicator for faunal diversity, 
since smaller patches support less diversity.  

Diversity of neo-
tropical migrants. 

Poor:  
Fair:   
Good:  
Very Good: 

Presence of 
expected endemic 
species. 
  

Poor:  
Fair:   
Good:  
Very Good: 

Presence of 
invasive 
predators. 

Poor:  
Fair:   
Good:  
Very Good: 

Patch size. Poor:  
Fair:   
Good:  
Very Good: 
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Table 5.7 Maritime vegetated communities (continued). 

 Indicator Rating (poor, fair, good, very good) 

KEA: Floral Diversity 
State of success: Abundance of native plants. 
− Floral richness and complexity 
− Measure floral diversity through reference species abundance, 

(strict richness). Possible references include Ecology of 
Maritime Forests of the Southern Atlantic Coast: A Community 
Profile (National Biological Service 1995). Ideally, current 
number of species would compare to species recorded in the 
historical standard. There are similarity matrices one could 
perform against these standards, measuring loss or gain of 
species richness.  

− There is a need for a reference standard considering simple vs. 
complex barrier islands and different habitat types. "Good" and 
"bad" ratings may change depending on type of habitat (sparse 
dune vegetation vs. maritime forest). 

− Indicator for the presence/absence of invasive species can 
serve to identify potential hot spots or problem areas and is 
more proactive than reactive. 

− Consider the issue of scale. (e.g. when recording species 
presence/absence on hectare plots versus square meter plots;  
when recording cover by square meter versus hectare or in 
proportion to the habitat extent.) Ideally monitoring data could 
be compared with a known species composition and extent of 
different habitats (baseline). Also consider the scale of goals for 
each target. For example, set goals for individual islands vs. the 
entire outer banks of barrier island ecosystem.  

Veg richness 
index (natives). 

Poor:  
Fair:   
Good:  
Very Good: 

Presence/absence 
of key floral 
species. 

Poor:  
Fair:   
Good:  
Very Good: 

Percent of 
invasive species 
cover. 

Poor: >35 percent invasive cover. 
Fair: 16-35 percent invasive cover. 
Good: 5-15 percent invasive cover. 
Very Good: <5 percent invasive cover. 

Presence/absence 
of invasive 
species. 

Poor: Present and considered a high threat.  
Fair:  
Good:  
Very Good: Absent.  

  

 
 
  



E-47 
 

Table 5.8 Maritime vegetated communities (continued). 

 Indicator Rating (poor, fair, good, very good) 
KEA: Connectivity Among Communities and Ecosystems. 
State of success: A variety of contiguous extents of maritime vegetated communities. 
− Patch sizes for grasslands should be compared to historical 

extents or goals. For maritime forest, refer to Ecology of 
Maritime Forests of the Southern Atlantic Coast:  A Community 
Profile (National Biological Service 1995) as a reference for 
patch size.  

- For marshes, the presence of dead marsh grass can be an 
indicator of saltwater intrusion, although storm frequency can 
lead to exposure to extreme salinity. Barrier islands don't 
typically have persistent flooding, but salinity will be a factor 
and can be measured through soil salinity. 

- Measure  percent landscape where that intact profile is present, 
or the total acreage where that is present such as areas where 
you might have healthy maritime forest and marsh, but no 
foredunes. This would try to consider proximity between 
ecosystems and the lack of a barrier between them.  

- Measure extent of marsh acreage overall or measure the rate 
of change of marsh acreage over some amount of time. The 
expansion or decline of the habitat type would indicate 
development pressure — if marsh is being lost to erosion, or 
maritime forest is being lost to development.  

- In order to evaluate the connectivity among habitats a measure 
could be fragmentation (roads, canals, development, utility right 
of ways).  

Patch size 
(depends on 
habitat). 

Poor: 
Fair: 
Good: 
Very Good: 

Extent (percent 
gained or lost). 

Poor:  Loss of extent. 
Fair:  No loss of extent. 
Good: Small increase in extent. 
Very Good: Extent increases significantly. 

Acreage (percent 
gained or lost) 

Poor: Loss of acreages. 
Fair:  No loss of acreage. 
Good: Small increase in acreage. 
Very Good: Acreage increases significantly. 

Amount of 
connectivity 
disruptions over 
an area. 

Poor:  
Fair:   
Good:  
Very Good: 
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Albemarle-Pamlico National Estuary Program 

dean.carpenter@apnep.org 
1601 Mail Service Center 
Raleigh, NC 27699-1601 
919.707.8634 

Anne Deaton 
Habitat Specialist 
Division of Marine Fisheries 
Habitat Protection Section 

anne.deaton@ncdenr.gov 
P.O. Box 769 
Morehead City, NC 28557  
252.726.7021 

Erin Fleckenstein 
Coastal Scientist and Northeast Regional Manager 
North Carolina Coastal Federation 
 

erinf@nccoast.org 
128 Grenville Street 
Manteo, NC 27954 
252.473.1607 

Kevin Hart 
Marine Fisheries Biologist  
NC Division of Marine Fisheries 
Habitat Protection Section 

kevin.hart@ncdenr.gov  
P.O. Box 769 
Morehead City, NC 28557  
252.726.7021 

R. Wilson Laney 
Coordinator, South Atlantic Fish and Wildlife Conservation Office 
U.S. Fish & Wildlife Service 

Wilson_Laney@fws.gov 
P.O. Box 33683 
Raleigh, NC 27636-3683 
919.515.5019 

Michelle Moorman 
Biologist, N.C. Water Science Center 
U.S. Geological Survey 
 

mmoorman@usgs.gov 
3916 Sunset Ridge Rd. 
Raleigh, NC 27607 
919-571-4013 (office) 
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Estuarine	  Systems	  Product	  Reviewers	  and	  Interviewed	  Experts	  

	  
 	  

 
Carolyn Currin 
NOAA NCCOS Center for Coastal Fisheries and Habitat Research 
 

 
carolyn.currin@noaa.gov  
101 Pivers Island Rd. 
Beaufort, NC 28516 
252-728-8749 

Joseph E. Hightower 
U. S. Geological Survey 
NC Cooperative Fish and Wildlife Research Unit 

jhightower@ncsu.edu 
Campus Box 7617, NCSU 
Raleigh, NC 27695-7617 
919-515-8836 

Michael F Piehler  
Associate Professor 
Marine Sciences, UNC 

mpiehler@email.unc.edu 
266 Coker Hall  
3431 Arendell Street 
Morehead City, NC 2855 
252-726-6841 ext. 160 

John Stanton 
U.S. Fish and Wildlife Service 
North Carolina Migratory Bird Field Office 

John_Stanton@fws.gov 
155A LA Keiser Drive 
Columbia, NC 27925 
252-796-2400 
 

Marc Turano 
Mariculture and Blue Crab Specialist extension specialist 
NC Sea Grant 

marc_turano@ncsu.edu  
Raleigh, NC 
919/513-0122 
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Upland	  Workshops	  (1	  &	  2)	  Participants	  	  

 
  

 
David Bishop 
Regional Invasive Species Biologist 
Back Bay National Wildlife Refuge 
U.S. Fish & Wildlife Service 

 
david_bishop@fws.gov 
1324 Sandbridge Rd. 
Virginia Beach, VA  23456 
757.301.7329 x 161 

Misty Buchanan 
Natural Area Inventory Manager 
Natural Heritage Program, NC 

misty.buchanan@ncdenr.gov 
1601 Mail Service Center 
Raleigh, NC 27699-1601 
919-707-8107 

Dean Carpenter 
Program Scientist 
Albemarle-Pamlico National Estuary Program 

dean.carpenter@apnep.org 
1601 Mail Service Center 
Raleigh, NC 27699-1601 
919.707.8634 

Ryan Elting 
Sandhills Project Director 
The Nature Conservancy 

relting@tnc.org 
PO Box 206, 140 SW Broad Street 
Southern Pines, NC 28388 
910.246-0300 

Hervey McIver 
Onslow Bight Project Manager, Protection Specialist 
The Nature Conservancy 

hmciver@tnc.org 
 

Doug Newcomb              
Cartographer  
U.S. Fish & Wildlife Service  
Raleigh, NC  

 doug_newcomb@fws.gov 
551F Pylon Drive 
Raleigh, NC 27606 
919.856.4520 x 14 

Don Schwab 
Wildlife Biologist 
Great Dismal Swamp National Wildlife Refuge 
 

Donald_Schwab@fws.gov  
3100 Desert Road 
Suffolk, VA 23434 
757.986.3705    

Kendell Smith  
Partners Biologists 
Migratory Bird Program 
Fish and Wildlife Service 

Kendall_Smith@fws.gov 
P.O. Box 210 
114 West Water Street  
Columbia, NC 27925 
252.796.2401 

Randy Swilling 
Natural Resource Program Manager  
National Park Service 

William_Swilling@nps.gov  Cape 
Hatteras National Seashore 
252.473.2111 x 135 

Robert P. Trickel 
Forest Health Branch Head 
North Carolina Forest Service 

rob.trickel@ncagr.gov 
1616 Mail Service Center 
Raleigh, NC 27699-1616 
919.857.4858 
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Upland	  Systems	  Product	  Reviewers	  and	  Interviewed	  Experts	  

	  
  

Jeff Marcus 
Piedmont Wildlife Diversity Supervisor 
NC Wildlife Resources Commission  

jeff.marcus@ncwildlife.org 
910.281.4388 

Dr. Chris Moorman 
Associate Professor and Coordinator of the Fisheries, Wildlife, and 
Conservation Biology Program 
NC State University  

chris_moorman@ncsu.edu 
Department of Forestry and 
Environmental Resources  
Box 7646, Turner House  
Raleigh, NC 27695-8003  
919.515.5578  

Linda Pearsall 
Conservation, Planning and Community Affairs Director 
NC Natural Heritage Program 

linda.pearsall@ncdenr.gov 
217 W. Jones Street 
Raleigh, NC  27699 
919.707.8104 

Michael Schafale 
Terrestrial Ecologist 
NC Natural Heritage Program 

michael.schafale@ncdenr.gov 
217 W. Jones Street 
Raleigh, NC  27699 
919.707.8627 

Terry Sharpe  
Wildlife Biologist (retired) 
NC Wildlife Resources Commission 

sharpetl@etinternet.net 
901.652.6403 

Kim Shumate 
Longleaf Program Coordinator 
NC Forest Service 
 

kim.shumate@ncagr.gov 
1616 Mail Service Center 
Raleigh NC  27699-1616 
919.857.4815 

Dr. Ted Simmons 
Assistant Unit Leader, USGS Cooperative Fish and Wildlife 
Research Unit 
Professor, Applied Ecology and Forestry 

tsimons@ncsu.edu  
226A David Clark Labs 
North Carolina State University 
Raleigh, NC 27695-7617 
919.515.2689 

Dr. Justin Wright 
Assistant Professor, Biology Department 
Duke University 

justin.wright@duke.edu 
Duke Biology Box 90338  
Durham, NC 27708 
919.613.8096 
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Barrier	  Island	  Workshops	  (1	  &	  2)	  Participants	  

 
  

Susan Lingenfelser 
Assistant Field Office Supervisor, Virginia Ecological Services 
U.S. Fish & Wildlife Service 
 

susan_lingenfelser@fws.gov 
Virginia Field Office 
6669 Short Lane 
Gloucester, VA 
804.693.6694 x151 

Aaron McCall  
Northeast Regional Steward  
The Nature Conservancy  
 

ajmccall@tnc.org  
Kill Devil Hills, NC 
252-441-2525 

John Stanton 
Project Leader and Senior Biologist  
Migratory Bird Program Field Office 
U.S. Fish & Wildlife Service 
 

John_Stanton@fws.gov 
Columbia, NC 
252-796-2400 

Randy Swilling 
Natural Resource Program Manager  
National Park Service 

William_Swilling@nps.gov   
Cape Hatteras National Seashore 
252.473.2111 x 135 

Brian Van Druten 
Alligator River National Wildlife Refuge 
U.S. Fish & Wildlife Service 
 

brian_vandruten@fws.gov 
Manteo, NC 
252-473-1131 
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Barrier	  Island	  Product	  Reviewers	  and	  Interviewed	  Experts	  
Sam Bland 
Coastal Specialist 
North Carolina Coastal Federation 

samb@nccoast.org 
252.393.8185 

Dr. Robert (Bob) Christian 
Professor, Ecosystem Ecology and Microbiology 
East Carolina University 

christianr@ecu.edu 
 East Carolina University  
Greenville, NC 27858  
252.328.1835 

Dr. Stephen Culver 
Professor and Department Chairperson 
East Carolina University 

culvers@ecu.edu 
East Carolina University   
Greenville, NC 27858 
252.328.6360 

Erin Fleckenstein 
Coastal Scientist and Northeast Regional Manager 
North Carolina Coastal Federation 
 

erinf@nccoast.org 
128 Grenville Street 
Manteo, NC 27954 
252.473.1607 

Dr. Matthew Godfrey 
Sea Turtle Program Coordinator  
North Carolina Wildlife Resources Commission  

matt.godfrey@ncwildlife.org 
1507 Ann Street 
Beaufort, NC 28516 
252.728.1528 

Dr. Enrique Reyes 
Professor of Ecology 
East Carolina University 

reyese@ecu.edu 
East Carolina University   
Greenville, NC 27858 
(252) 328-5778 

Dr. David Mallinson 
Associate Professor, Marine Geology 
East Carolina University 

mallinsond@ecu.edu  
East Carolina University   
Greenville, NC 27858 
(252) 328-1344 

Todd Miller 
Executive Director 
North Carolina Coastal Federation 

toddm@nccoast.org 
252.393.8185 

Dr. Charles Peterson 
Distinguished Professor, Marine Sciences 
University of North Carolina 
 

cpeters@email.unc.edu 
3431 Arendell Street, 
 Morehead City, NC 28557 
(252) 726-6841 x130 

Dr. Stanley Riggs 
Distinguished Professor of Geology (retired) 
East Carolina University 

riggss@mail.ecu.edu 
(252) 328-6015 
(252) 328-6379 

Spencer Rodgers 
Coastal Construction and Erosion Specialist 
NC Sea Grant 

rogerssp@uncw.edu 
5600 Marvin K. Moss Lane 
Wilmington, NC 28409 
(910) 962-2491 

Dennis Stewart 
Fish and Wildlife Refuge Biologist 
Alligator River National Wildlife Refuge 
Pea Island National Wildlife Refuge  

Dennis_Stewart@fws.gov  
252.473.1131 

Dr. Lexia Weaver 
Coastal Scientist; Manager Central Regional Office 
North Carolina Coastal Federation 

lexiaw@nccoast.org 
252.393.8185 
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	  Wetlands	  Workshop	  1	  Agenda	  and	  Participants	  (March	  22,	  2012)	  
 
Welcome and thank you for joining us.  The ENC SEVA Strategic Habitat Conservation Team is 
working to create a cross collaborative conservation plan for wetland habitats for the ecoregion.  
The design of this plan and workshop draws from the Open Standards for the Practice of 
Conservation, an adaptive management framework.  Specifically, the goal for this workshop is to 
review and refine the definition of the targeted habitats, key ecological attributes associated with 
those habitats, and indicators to monitor across the ecoregion. This information will provide the 
basis of creating a portfolio of management options and conservation strategies for the benefit of 
ENC SEVA team members working across the ecoregion 

9:00   Introductions  

9:30 Review of the Open Standards for the Practice of Conservation framework, progress 
made to date by the Wetlands Core Team, and outline of workshop goals 

10:15  Developing explicit definitions for conservation targets, identifying KEAs and 
indicators for conservation targets 

12:30 - LUNCH 

1:30 Finish defining conservation targets, key ecological attributes, and indicators 

3:00 Developing a vision of conservation success for wetland habitats within the ENSEVA 
region 

4:00 - Next steps 
− How collected information will be used to guide the planning process 
− This will be the only workshop that is requested of participating experts.  However as 

information is analyzed, workshop participants will likely be contacted via phone and email 
for additional information and clarification.  This follow up is not expected to require 
additional research for workshop participants (no homework will be assigned). 

5:00 – DISMISS 
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Wetlands	  Workshop	  1	  Notes	  (March	  22,	  2012)	  
 
Eastern North Carolina/Southeastern Virginia Strategic Habitat Conservation 
(ENC/SEVA SHC) Team - 2013-2017 Planning Overview 
• Team	  goal	  &	  function	  
• Context	  on	  landscape	  &	  with	  conservation	  partners	  
• Open	  Standards	  for	  the	  Practice	  of	  Conservation	  (OS)/Miradi	  Software	  -‐	  Adaptive	  

Management	  Planning	  Tool/Framework	  
• Team	  Planning	  Process	  –	  Steps	  1&2	  of	  OS	  

o Team	  Scope,	  Vision,	  Targets	  –	  Wetlands,	  Barrier	  Island,	  Upland,	  Marine,	  Estuarine,	  
Riverine.	  

o Wetland	  Target	  
• Subtargets	  –	  Wet	  Pine	  Savanna,	  Isolated	  Ephemeral	  Wetlands,	  Swamp	  Forest,	  Pocosin,	  

Freshwater	  Marsh,	  Natural	  Lakes.	  
• Core	  Team	  Work	  –	  Scope,	  Targets,	  Key	  Ecological	  Attributes	  &	  Indicators,	  Critical	  Threats,	  

Goals,	  Strategies,	  Assumptions.	  
• Workshop	  Focus	  –	  Vision,	  Key	  Ecological	  Attributes,	  and	  Indicators.	  

Key Ecological Attributes (KEAs) 
• Definition	  –	  if	  this	  aspect/attribute	  is	  lacking,	  is	  this	  still	  a	  “healthy”	  target?	  
• Categories	  –	  Size,	  Condition	  (composition	  and	  structure,	  presence/absence),	  Landscape	  

Context	  (ecological	  processes,	  connectivity)	  
• Benefits	  –	  allows	  for	  adaptive	  management	  

o Allows	  identification	  of	  new	  threats	  to	  KEA	  resources	  
o Allows	  us	  to	  predict	  where	  KEA	  resources	  will	  be	  in	  the	  future	  –	  modeling,	  indicators	  to	  
monitor	  health,	  determine	  when	  to	  shift	  protection	  efforts	  

• KEAs	  from	  Wetlands	  Core	  Team	  
o KEA	  vs.	  indicator:	  	  	  i.e.	  waterfowl	  –	  does	  absence	  =	  unhealthy	  marsh?	  	  What	  attracts	  the	  
waterfowl	  (hydrologic	  pattern,	  vegetation,	  etc)	  =	  KEA.	  	  Bird	  spp	  =	  indicator	  	  

o Measurable?	  
 
BRAINSTORMING & ELICITATION 
 
Wet Pine Savanna Target 
Definition 

• Distinguishing	  features	  –	  dominance	  of	  herbs	  with	  little	  shrubs	  and	  grass	  component	  in	  
good	  condition.	  	  Open,	  herbal	  dominated.	  

• Lower	  coastal	  plain?	  	  Majority,	  yes.	  	  Some	  argument	  that	  Piedmont	  is	  in	  Lower	  Coastal	  Plain.	  	  
Mostly	  in	  Coastal	  Plain.	  	  Some	  pockets	  in	  Sandhills,	  which	  can	  be	  considered	  Lower	  CP.	  

• Mostly	  marsh	  with	  PS,	  transitioning	  to	  Phragmites,	  ephemeral	  type.	  	  ?Appropriate	  to	  
include	  PS	  in	  peatlands	  with	  those	  in	  mineral	  soil.	  

• PS	  vs.	  Wet	  PS	  –	  there	  is	  a	  difference.	  
• Transition	  areas	  confuse	  the	  distinctions.	  
• Need	  hydric	  soil	  types.	  	  Change	  to	  “mineral”	  soils	  since	  not	  in	  peatland.	  
• Fire-‐sharpened	  boundary?	  	  This	  means	  a	  sharp	  boundary	  line,	  better	  to	  have	  transitions.	  	  

Maybe	  fire-‐defined	  boundary?	  	  Not	  needed	  since	  not	  crucial	  part	  of	  definition,	  but	  could	  be	  
included	  as	  KEA.	  

• Keep	  “frequent	  fire”	  or	  remove?	  	  	  
• Louise	  will	  consolidate/reword	  definition	  then	  send	  out	  to	  team	  for	  comments.	  
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KEAs 
Fire - what does it do for WPS? 

• Reduces	  hardwood	  growth	  
• Keeps	  canopy	  open	  
• Promotes	  herbaceous	  vegetation	  
• Releases	  nutrients	  
• If	  no	  fire	  =	  presence	  of	  trees;	  species	  composition	  &	  structure;	  encroachment	  of	  woody	  

species	  –	  loblolly	  (NC),	  red	  maple,	  sweet	  gum,	  hardwoods;	  lack	  of	  herb-‐layer/diversity;	  site-‐
specific/appropriate	  species	  of	  grasses.	  

Fire - Indicators: 
• Presence	  of	  fire	  scars	  
• Fire	  every	  2-‐3	  years	  –	  soil	  type	  and	  vegetation	  may	  dictate	  frequency	  of	  fire.	  	  Must	  have	  <	  or	  

=	  to	  5	  years.	  	  Seasonally	  appropriate	  important	  –	  when	  they	  would	  have	  burned	  historically	  
(June/July	  –	  lightning	  season).	  	  (Were	  fires	  more	  anthropomorphic?	  	  Unknown)	  	  Benefits	  
May	  –	  Aug	  moths/insects	  in	  cocoon	  stage.	  

• Fuel	  load/duff	  layer	  
• Shrub	  height	  extent	  
• Presence	  &	  age	  of	  hardwoods	  –	  can	  have	  old,	  craggy	  
• Density	  of	  trees	  –	  puts	  bounds	  on	  them…	  
• Canopy	  cover	  –	  influenced	  by	  multiple	  things	  i.e.	  low-‐med	  intensity.	  	  Many	  variables	  

influence	  intensity	  of	  fire	  –	  can	  be	  seen	  by	  species	  of	  trees	  remaining,	  portion	  of	  plant	  killed	  
(canopy	  fires),	  affects	  maintenance	  of	  certain	  tree	  species.	  

• Presence	  of	  fire-‐adapted	  species	  
• Fire-‐dependent	  species.	  	  Insects	  –	  burning	  every	  year	  can	  harm	  them.	  
• From	  Wetland	  CT	  –	  	  
• Extent	  of	  burn	  –	  how	  much	  area	  burning	  at	  one	  time?	  	  Need	  to	  have	  some	  refugia	  for	  

various	  species	  (i.e.	  skipper).	  	  (Management	  approach?)	  	  Landscape	  scale	  is	  critical	  –	  some	  
lands	  need	  large	  burns,	  other	  small	  better.	  	  Per	  Onslow-‐Bight	  plan	  –	  large	  burn	  with	  
patchiness.	  	  Fires	  could	  have	  been	  very	  large,	  but	  still	  have	  refugia	  unburned	  within	  larger	  
landscape.	  	  Not	  as	  possible	  today	  where	  landscape	  is	  broken	  up.	  	  Need	  to	  be	  aware	  of	  
population	  recovery.	  	  Rule	  of	  thumb	  –	  need	  a	  mosaic	  of	  burned	  and	  unburned	  areas	  of	  same	  
type	  of	  habitat.	  

Diversity of Plants/Plant Biodiversity – Indicators: 
• Overall	  plant	  vs.	  species.	  	  Ratio	  of	  herb	  to	  shrub.	  	  Recognizable	  herbaceous	  layer.	  	  Variable	  

by	  site.	  	  Dominant	  vegetation	  is	  herbaceous.	  	  General	  problem	  is	  where	  there	  are	  too	  many	  
shrubs.	  	  Percentages	  >90%	  Very	  Good,	  75-‐90%	  Good,	  50-‐75%	  Fair,	  <50%	  Poor.	  	  Poor	  will	  
always	  be	  true.	  	  These	  are	  guidelines	  –	  some	  variation	  is	  expected	  depending	  on	  what	  type	  
of	  system	  it	  is	  in.	  	  Problem	  is	  there	  are	  too	  few	  targets,	  so	  must	  generalize.	  	  Poor	  =	  threshold	  
for	  regime	  shift.	  

• Composition.	  Percent	  native	  plant	  species.	  	  “Typic”	  plant	  species	  may	  be	  better.	  	  Non-‐
weedy/appropriate.	  	  Need	  to	  exclude	  some	  species.	  	  Onmiverous	  plants?	  	  Varies	  per	  
Savanna,	  so	  need	  to	  list	  species.	  	  Very	  variable,	  so	  percent	  helps.	  	  Suite	  of	  dominant	  plant	  
species	  –	  5	  species	  Savanna	  grasses.	  	  No	  broom	  sedge.	  	  This	  is	  list	  of	  subjective,	  non-‐
quantitative	  indicators.	  	  Can	  use	  diversity	  index	  to	  make	  more	  scientifically	  based.	  	  Non-‐
quantitative,	  but	  not	  necessarily	  subjective.	  	  There	  is	  variation	  within	  and	  between	  systems	  
and	  can	  get	  at	  that	  variation	  with	  analysis.	  

• Purpose	  of	  plan	  is	  to	  help	  us	  answer	  questions	  about	  what	  we	  really	  want,	  for	  ENC/SEVA	  
area.	  	  Can	  have	  data	  and	  indices	  within	  step	  down	  actions.	  

• Can	  use	  Wetland	  CT	  work.	  
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Consider	  KEAs	  from	  Wetland	  CT	  –	  Hydrology	  (amount	  of	  alterations	  -‐	  ditching),	  landscape	  (extent	  
of	  buffer),	  Savanna	  Birds	  (use	  because	  open,	  herb-‐dominated,	  good	  for	  insects	  –	  keep	  as	  indicator	  
under	  plant	  diversity	  or	  hydrology)	  

• Hydrology	  
o Very	  good	  –	  none	  to	  little…Poor	  –	  extensive	  ditching.	  	  See	  Wetland	  CT	  work.	  

• Landscape	  
o Very	  good	  –	  extent	  of	  buffer	  90%	  natural	  communities…Poor	  -‐	  <50%	  natural	  

communities.	  
 
Isolated Ephemeral Wetlands (IEW) Target 
Definition – seasonally ponded isolated wetlands are shallow basins that are not connected to 
streams or lakes and are hydrologically primarily driven by rainfall or groundwater.  Includes 
Carolina Bays, Cypress ponds and Sinkhole ponds.  Not connected to flowing surface waters, but 
includes sheet flow by heavy rainfall. 
 
KEAs 
Hydro – Indicators: 

• Not	  fish	  
• measure	  of	  flowing	  waters	  
• isolated	  from	  lotic	  (need	  to	  translate	  to	  common	  language	  to	  land	  managers)	  
• herbaceous	  cover	  (depends	  on	  canopy,	  indicates	  dry	  period	  to	  dry	  period),	  canopy	  pines	  not	  

as	  good	  (less	  species).	  	  This	  may	  or	  may	  not	  define	  a	  “healthy”	  IEW.	  	  Need	  something	  about	  
appropriate	  vegetative	  structure.	  	  Closed	  canopy	  not	  always	  bad.	  	  	  

• Dry	  part	  of	  year,	  wet	  part	  of	  year	  –	  Jeff’s	  notes	  define	  ranges	  –	  need	  to	  determine	  “normal	  
rainfall”.	  	  

Landscape (A complex of ponds is important – more viable if a series of ponds is available with 
different hydrologies) – Indicators: 

• Distance	  to	  other	  ponds	  (species-‐specific,	  although	  closer	  is	  usually	  better).	  	  Metric	  ratings	  
in	  Wet	  CT	  work.	  

• Adjacent	  uplands	  –	  important	  to	  many	  species	  using	  IEWs/pond	  ecosystem	  but	  not	  
necessarily	  important	  to	  health	  of	  IEW.	  

• %	  undeveloped	  acres	  around	  pond	  could	  be	  a	  measure.	  	  Ratings	  in	  Wet	  CT	  work.	  
• Extent	  of	  buffer	  –	  pond	  envelope	  (i.e.	  leopard	  frogs	  will	  go	  miles	  from	  a	  pond).	  

Water Quality – if on the 303D list (impaired waters list) then bad, otherwise ok.  Best not to use 
all water quality measures. 

• Free	  of	  runoff	  (no	  agricultural	  pesticides)	  
• Agricultural	  runoff	  from	  watershed.	  
• pH	  range	  4.5	  –	  6	  ok	  for	  amphibians.	  	  Dependent	  on	  fire	  in	  most	  ecosystems	  which	  is	  tied	  to	  

time	  of	  year/soil	  buildup.	  	  Fire	  better	  when	  it’s	  dry	  so	  it	  will	  burn	  through	  it.	  	  This	  may	  be	  
geographically	  related.	  

• Species	  diversity?	  	  Varies	  geographically.	  
 
Swamp Forest – recommend change name to “Non-Riverine Swamps” Target (different 
ecological drivers).  Consider making Atlantic White Cedar its own Target – very unique. 
Definition – Atlantic White Cedar, Non-riverine swamp forest, non-riverine wet hardwoods.  No 
Cypress Gum per new classification, although could be some included.  Not attached to any 
waterflow except rain and groundwater.  Forested freshwater wetlands not associated with rivers 
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or lakes and not dominated by pond pine or bay trees.  Can occur on mineral or organic soils 
hydrology influenced by rainfall, groundwater, or sheetflow. 
 
KEAs 
Natural Hydrologic Regime – Indicators: 

• Presence	  of	  ditches,	  roads	  or	  dikes.	  	  Very	  good	  –	  intact	  natural	  hydrology	  present	  (no	  
alterations);	  Good	  –	  natural	  hydrology	  is	  minimally	  altered	  (ditches	  have	  been	  plugged	  or	  
not	  causing	  appreciable	  impact	  to	  hydrology),	  60-‐70%	  restoration;	  Fair	  –	  undefined;	  Poor	  –	  
severely	  ditched,	  altered.	  	  

Vegetation Structure as a form of condition – Indicators: 
• Canopy	  age	  and	  size	  structure:	  	  Very	  good	  –	  old	  growth	  (>100	  years,	  uneven	  age	  mature	  

forest);	  Good	  –	  mature	  trees,	  virtually	  closed	  canopy,	  vertical	  structure;	  Fair	  –	  young	  stand	  
of	  trees,	  even	  age	  stands,	  little	  vertical	  structure;	  Poor	  –	  no	  canopy,	  most	  trees	  are	  dead,	  
dying	  or	  removed.	  

• Canopy	  composition:	  	  Very	  good	  –	  community	  appropriate	  canopy	  species	  make	  up	  the	  
canopy	  Poor	  –	  canopy	  was	  dominated	  by	  non-‐appropriate	  or	  non-‐native	  species.	  

• Understory	  composition:	  	  Same	  as	  above.	  
Landscape – connectivity of the landscape…similar to that used in WPS – what it is surrounded 
by.  There is a need to make more complex – quality of surrounding landscape.  Intactness of 
ecotone and quality of adjacent vegetation.  Need to avoid hard artificial edge effects and block 
size (large natural patches).  Patch sizes difficult to define.   See “% of parameter protected” in 
Wet CT Miradi. 
 
Freshwater Marsh Target – tidal & non-tidal marsh species present, presence of aquatic 
emergent plants, appropriate plants present, wetland dominated by herbaceous vegetation, 
grasses, sedges and other emergent vegetation.  Herbaceous vegetation, periodic/continual 
flooding, lack of woody veg, shallow enough emergent vegetation. 
Fire interval, but not as imp, few trees, very diverse, high plant diversity, water quality 
eutrophication. 
 
KEAs 
Plant Biodiversity – Indicators: 

• appropriate	  plants,	  predominantly	  herbaceous,	  sedges,	  not	  woody,	  non	  to	  few	  trees.	  
Hydro Regime 

• Very	  good	  –	  ditching	  bad;	  Poor	  –	  intensively	  ditched.	  	  **come	  up	  with	  standard	  for	  ditching.	  
Alteration of Natural salinity gradient – salt water intrusion. 
Ecotones – bordered by natural inland communities vs. impervious surface, bordered by water, 
size = % of natural edges…connectivity, barrier to natural hydrology. 
Beaver Pond – dynamic – deal with in Riverine system. 

• ephemeral	  
• tied	  to	  floodplain	  systems	  
• landscape	  context.	  

 
Natural Lakes and Lakeshore – large, isolated bodies of permanent water formed by natural 
processes, i.e. peat fires, natural phenomena, and their characteristic vegetation. 
 
KEAs 
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Hydrology – Indicators: 
• Hydrologically	  intact	  (negatively-‐impacting	  ditching/draining?	  –	  alteration	  of	  natural	  

hydrologic	  regime…as	  in	  case	  of	  Matamuskeet,	  ditch	  is	  a	  habitat	  improvement	  technique	  =	  
opportunity	  vs.	  threat).	  	  Have	  sheet	  flow	  in	  and	  out.	  

Landscape – Indicators: 
• Buffers	  –	  what	  surrounds	  the	  lake?	  
• Natural	  shoreline	  structure	  -‐	  %	  of	  shoreline	  that	  is	  in	  natural	  condition	  
• Water	  quality	  –	  anthropological	  influences	  on	  quality.	  	  Very	  good	  –	  contaminant	  free;	  Poor	  –	  

not	  contaminant	  free.	  
Natural community structure – Indicators: 

• Shellfish	  &	  fish	  communities	  
• Waterbirds	  
• Invertebrates	  
• SAV	  
• Shoreline	  vegetation	  
• Emergent	  vegetation	  
• Biotic	  integrity	  

 
VISION 
Functional 
Healthy 
Viable populations 
Ecosystem services 
Achievable 
Sustainable 
Landscape kidney 
Supports biodiversity 
Contributes to biodiversity of the ENC/SEVA 
Geo filters/sponges 
Clean water – critical aspect of many species’ lifecycles (invertebrates, waterfowl, etc.) 
Good water quality 
 
A network of wetlands across the landscape that supports a diversity of native flora and fauna, 
providing the ecological services to sustain and perpetuate biodiversity and functions for the 
benefit of present and future human health. 
NEXT STEPS 
Louise will facilitate the next five environments and will report status at the summer Team 
meeting.  Will be working with Foundations of Success to improve upon our and their 
process(es). 
 
Workshop adjourned at 4:20 p.m. 
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Riverine	  Systems	  Workshop	  1	  Agenda	  (May	  31	  –	  Jun	  1,	  2012)	  
Welcome and thank you for joining us.  The purpose of this workshop is to elicit relevant 
information and expert knowledge to aide in the development of strategies and recommendations 
for the conservation of riverine environments within the ENCSEVA geographic boundary.  Our 
specific goal for this workshop is to define the targets of conservation of riverine environments 
and the threats that impact those targets.  
 
THURSDAY 

 9:00   Introductions 

 9:30   Workshops goals and description of the Open Standards for the Practice of Conservation 
framework 

10:30  Define scope & vision for riverine environments within ENCSEVA eco-region 

Draft scope: Portions of the Coastal Plain and Piedmont physiographic regions and marine 
habitats, as appropriate, located within eastern North Carolina and southeastern Virginia 

Draft vision: Pristine and interconnected river systems that support a diverse and productive 
community of native species for current and future generations. 

11:15  Define conservation targets and target goals 
Conservation Targets: species, ecological communities, ecological system(s)/habitat(s), or 
ecological process(s) chosen to represent and encompass the full suite of biodiversity in the 
project area for place-based conservation or the focus of a thematic program. 

Goals: Explicit descriptions of the intended viability status of a target. A goal specifies the 
characteristics for a viable occurrence and ought to address size, condition, and landscape 
context. Goals should also include what should be measured in terms of how to evaluate 
success. 

12:00  Lunch  

1:00   Continue with conservation targets and target goals 

3:00   Define threats to conservation targets 

Threats: Impaired aspects of conservation targets that result directly or indirectly from human 
activities (e.g., low population size, reduced extent of forest system; reduced river flows; 
increased sedimentation; lowered groundwater table level). Generally equivalent to degraded 
key ecological attributes (e.g., habitat loss). 

5:00   Adjourn 

FRIDAY 

9:00   Review of previous day’s discussion and wrap up conservation targets 

9:30   Continue with threat discussion 
10:30 Identify Key Ecological Attributes (KEAs) and indicators 
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Key Ecological Attribute (KEA): an aspect of a target’s biology or ecology that if present, 
defines a healthy target and if missing/altered, would lead to the loss or degradation of that 
target over time. KEAs often answer what is needed in order for the long term survival of the 
conservation target  

12:00 Lunch  

 1:00   Continue with KEAs and indicators  	   

 5:00   Adjourn 

Thank you for your participation in this workshop.  Over the course of the next few weeks I may 
contact you via email or phone to discuss point for added clarity or for additional information.  
This follow up is not expected to require additional research for workshop participants or require 
large expenditures of participant time. 
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Riverine	  Systems	  Workshop	  2	  Agenda	  and	  Participants	  (June	  25	  –	  26,	  2012)	  
Welcome and thank you for joining us!  The purpose of this workshop is to confirm the accuracy 
and analysis of previous discussions as well as to elicit relevant information and expert 
knowledge to aide in the development of strategies and recommendations for the conservation of 
riverine environments within the ENCSEVA geographic boundary.  Our specific goals for this 
workshop are to review key ecological attributes (KEAs), review threat relationships and rank 
threats, develop strategies and results chains.  
 

MONDAY 
  9:00 – Review conservation targets, KEAs, indicators, and develop conservation target goals. 

KEAs refer to an aspect of a target's biology or ecology that if present, defines a healthy target 
and if missing or altered, would lead to the outright loss or extreme degradation of that target 
over time.  

 Indicators are measurable entities related to a specific information need (for example, the 
status of a target, change in a threat, or progress towards an objective). A good indicator meets 
the criteria of being: measurable, precise, consistent, and sensitive.  

12:00 – LUNCH 

1:00 – Review conceptual diagram to investigate causal relationships between indirect threats, 
direct threats, and conservation targets and rank direct threats 

A conceptual model is a diagram of a set of relationships between certain factors that are 
believed to impact or lead to a conservation target.  

 A direct threat is an anthropogenic activity which directly degrades one or more conservation 
targets (shown in conceptual model as a pink square) 

 An indirect threat is a driver or cause of one or more direct threats (shown in conceptual 
model as an orange square).  

4:00 – Introduce strategies and results chains  
Strategies are broad courses of action designed to restore natural systems, reduce threats, 
and/or develop capacity. A strategy is typically used as an umbrella term to describe a set of 
specific conservation actions.  

A Results Chain is a sequence of linked factors in a diagram. A "Factor Chain" in a 
conceptual model shows the state of the world before you take action. A "Results Chain" 
shows the expected outcomes from the implementation of a strategy. Chains thus represent the 
assumptions you are making about your project site.  

5:00 – Dismiss 

TUESDAY 

9:00 – Review strategies from previous day 

10:00 – Morning break 
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10:15 – Develop Results Chains 

12:00 - LUNCH 

1:00 – Continue with Results Chains 

2:30 - Prioritize strategies in terms of Potential Impact and Feasibility.  

Potential Impact - If implemented, will the strategy lead to desired changes in the situation at 
your project site?  
Very High - The strategy is very likely to completely mitigate a threat or restore a target.  
High - The strategy is likely to help mitigate a threat or restore a target.  
Medium - The strategy could possibly help mitigate a threat or restore a target.  
Low - The strategy will probably not contribute to meaningful threat mitigation or target 
restoration.  
Feasibility - Would your project team be able to implement the strategy within likely time, 
financial, staffing, ethical, and other constraints?  
Very High - The strategy is ethically, technically AND financially feasible.  
High - The strategy is ethically and technically feasible, but may require some additional 
financial resources.  
Medium - The strategy is ethically feasible, but either technically OR financially difficult 
without substantial additional resources.  
Low -The strategy is not ethically, technically, OR financially feasible.  
*Note that there are at least two dimensions being rolled up into this rating: probability of 
positive impact and magnitude of change.  

 4:15 - Workshop debriefing 

 5:00 – Dismiss 
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Riverine	  Systems	  Workshop	  1	  Notes	  (May	  31	  –	  Jun	  1,	  2012)	  
ENCSEVA Riverine Workshop 
May 31, 2012 
 
Introductions 
 
Dean Carpenter, APNEP 

• Water	  resources	  and	  living	  aquatic	  resources	  teams	  as	  opposed	  to	  riverine,	  wetland,	  
upland,	  barrier	  island,	  estuarine,	  etc	  

• Wants	  to	  stay	  in	  sync	  with	  neighboring	  orgs	  and	  groups	  
 
Pete, USFW  

• Find	  critical	  common	  ground	  with	  APNEP,	  find	  biological	  underpinnings	  for	  a	  strategic	  
environment.	  

• Nail	  down	  targets,	  threats,	  etc.	  	  
• “Vet	  what	  ENCSEVA	  is	  doing	  and	  filling	  in	  the	  blanks”	  	  
• Then,	  how	  do	  you	  engage	  conservation	  community?	  	  Other	  orgs	  have	  different	  goals	  but	  

similar	  end	  points.	  
 
Sarah McCray, Aquatic Fishery Biologist in Raleigh USFW 
 
Susan, Gloucester, VA, VAFW, Ecological Services, Contaminants 
 
Wilson Laney, Fisheries Coordinator USFW 
 
Chuck Peoples, TNC, Roanoke River Director 

• Traditionally	  TNC	  focused	  on	  Lower	  Roanoke	  but	  has	  always	  done	  whole	  river	  planning	  
 
Louise (Alexander) Vaughn, Env Decision Analysis Team, FW coop at NC State 

• Help	  resource	  managers	  make	  better	  decisions	  
• Masters	  work	  was	  with	  Open	  Standards	  network	  and	  applying	  quantitative	  measures	  

 
About ENCSEVA 

• Provides	  technical	  guidance	  by	  funding	  research	  to	  answer	  questions	  
• Now	  has	  national	  representation	  from	  Parks	  Service	  
• Covers	  northern	  1/3	  of	  South	  Atlantic	  LLC,	  working	  on	  aligning	  bottom	  2/3	  in	  a	  similar	  way	  
• Find	  similar	  end	  goals	  to	  maximize	  organizational	  resources	  and	  	  

 
Visions of Success 

• Group	  of	  DOI	  agencies,	  collaborate	  and	  give	  technical	  expertise	  and	  brainstorm	  
• When	  it	  comes	  to	  actually	  doing	  the	  work	  each	  agency	  has	  different	  focus	  
 

Method 
• Not	  only	  find	  out	  what	  actions	  that	  the	  science	  suggest,	  but	  also	  a	  blueprint	  for	  looking	  at	  

the	  landscape	  as	  a	  whole	  –	  state	  lands,	  conservation	  org	  preserves	  –	  and	  engage	  
conservation	  community	  to	  work	  as	  one.	  

• Implementation	  is	  broad,	  engage	  the	  right	  individuals	  and	  get	  the	  job	  done	  
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The Tool 
• Developed	  from	  the	  desire	  for	  conservation	  orgs	  “to	  do	  better”	  
• Rooted	  in	  other	  fields	  like	  healthcare	  where	  money	  is	  not	  always	  the	  top	  priority	  
• Includes	  conservation	  planning	  tools	  and	  decision	  analysis	  tools	  
• Effective	  way	  to	  communicate	  complex	  plans	  
• Includes	  a	  lot	  of	  layers	  and	  is	  functional	  as	  a	  software	  tool	  
• Easily	  shared	  

 
Team, Scope, Vision, Conservation Target components developed from previous workshop – see 
slides 
 
Scope 

• Wetlands,	  Riverine,	  Marine,	  Estuarine,	  Uplands,	  Barrier	  Islands	  
• Seemed	  coarse,	  is	  this	  the	  best	  scale?	  

o Vegetation	  samples,	  water	  quality,	  etc?	  
• Each	  sub-‐scope	  (i.e.	  riverine	  systems)	  will	  have	  its	  own	  set	  of	  conservation	  targets	  

o Eventually	  “give	  birth”	  to	  giant	  conservation	  baby.	  
• Conservation	  targets	  for	  wetlands	  scope	  has	  been	  defined	  already	  

 
Louise reviewed Duke workshop Miradi example 

• The	  purpose	  of	  this	  workshop	  is	  to	  capture	  knowledge	  
• Debate	  and	  disagreement	  is	  ok	  
• Is	  it	  possible	  to	  fill	  knowledge	  gaps?	  
• Attempt	  to	  frame	  quantitative	  measure	  for	  a	  goal	  

 
Other relevant efforts? 

• TNC	  has	  done	  Miradi	  based	  conservation	  scope	  for	  peatlands	  of	  dismal	  swamp,	  poccosin	  
lakes	  and	  alligator	  river	  with	  FW	  input	  (from	  Chuck)	  

• Wilson	  and	  Dean	  attended	  a	  workshop	  that	  wants	  to	  address	  SLR	  along	  the	  entire	  east	  coast	  
–	  contact	  here	  is	  Reed	  Corbett	  at	  ECU	  (from	  Wilson)	  

• SEVA	  –	  healthy	  rivers	  initiative,	  Chowan	  River	  (from	  Chuck)	  
o Water	  quality	  and	  biology	  
o Contact:	  Todd	  Janaeske	  
o James	  Madison	  U.	  has	  land	  cover/land	  use	  map	  with	  biological	  landscape	  data	  (from	  

Chuck	  and	  Dean)	  
• American	  Shad	  plans	  for	  NC	  and	  VA	  (from	  Wilson)	  

o Pete:	  are	  there	  metrics	  that	  we	  could	  use?	  
• Dwarf	  Wedge	  Mussel	  through	  USGS,	  Erona	  something	  or	  other	  by	  VA	  DGIF	  (from	  Susan)	  
• Log	  Perch,	  Sarah	  working	  on	  this	  	  
• Division	  of	  Water	  Resources	  determining	  baseline	  flow	  for	  maintaining	  ecosystem	  integrity	  
• Triangle	  J	  and	  Piedmont/Triad	  Council	  of	  Governments	  working	  on	  upper	  cape	  fear	  and	  

upper	  neuse	  planning	  
• Cape	  Fear	  River	  partnership	  led	  by	  Melanie	  Harris	  out	  of	  NOAAs	  Silver	  Spring	  office	  –	  4	  

different	  working	  groups,	  Wilson	  on	  fish	  passage	  group	  
• NC	  Resources	  Group	  moving	  through	  second	  phase	  of	  their	  Wildlife	  action	  plan	  in	  response	  

to	  climate	  change	  
• Identifying	  location	  of	  dams	  through	  probabilistic	  modeling,	  through	  South	  Atlantic	  LLC	  

(from	  Pete)	  
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• American	  Rivers	  and	  Linnette	  Batt	  looking	  at	  barriers	  and	  ways	  to	  prioritize	  them	  
• Chuck	  pulling	  all	  TNC	  partner	  from	  freshwater	  report,	  will	  send	  to	  Louise	  
• River	  Basin	  Plans	  in	  NC,	  renewed	  on	  5	  year	  schedule	  

o VA	  river	  basin	  plans?	  
• National	  Fish	  Habitat	  Action	  Planning	  Assessment,	  fresh	  water	  assessment	  just	  came	  out	  

last	  year	  and	  estuarine	  and	  coastal	  assessment	  in	  progress	  (managed	  by	  NMFS)	  –	  online	  
version	  is	  out	  there	  

• Fish	  Habitat	  partnerships	  have	  produced	  or	  in	  the	  process	  of	  producing	  strategic	  plans	  
o SE	  Aquatic	  Resources	  Partnership	  
o Atlantic	  Coastal	  Resources	  Partnership	  
o Eastern	  Brook	  Trout	  Joint	  Venture	  

 
Chuck’s Talk about TNCs Freshwater Assessment 
 
What was the impetus for it? 

• A	  holistic	  look	  is	  important	  bc	  of	  environmental	  flows	  (eflows)	  state	  mandate	  
o Must	  do	  that	  in	  a	  way	  that	  priorizes	  based	  on	  consumption	  and	  ecological	  

characteristics	  
• Btwn	  mandate	  and	  2007	  drought,	  this	  was	  opportune	  moment	  to	  bring	  people	  together	  and	  

take	  stock	  of	  rivers	  
 
What is it? 

• Any	  HUC8	  or	  HUC12	  in	  NC	  –	  17	  rivers	  including	  Savannah	  
• A	  whole	  lot	  of	  lit	  review	  

o Basin	  wide	  plans	  
o Reviews	  based	  on	  extraction	  of	  water,	  etc	  
o What’s	  been	  done	  and	  what	  is	  recurring	  for	  water	  quality	  and	  in	  stream	  biota	  –	  

broad	  synthesis	  w/	  great	  maps	  
• Goal	  was	  to	  connect	  water	  quality	  and	  biota	  

o Typically	  good	  point	  source	  and	  heritage	  data	  
o Bring	  together	  experts	  to	  talk	  about	  their	  work	  
o Landuse/Land	  Cover	  and	  impact	  in	  rivers	  and	  ocean	  

• Two	  stakeholder	  workshops	  –	  1	  in	  Raleigh	  and	  1	  in	  mts	  
o Generated	  list	  of	  priorities	  –	  “big	  statewide	  brain	  dump”	  
o On	  analysis	  side,	  novel	  ways	  to	  look	  at	  biodiversity	  and	  condition	  

! Natural	  heritage	  programs	  planning	  tool	  –	  geospatial	  tool	  
! Conditions	  of	  quality,	  predictors	  of	  occurrence	  and	  data	  of	  actual	  occurrence	  

• Map	  of	  good	  conditions	  and	  biodiversity,	  restorable	  conditions	  and	  
biodiversity,	  or	  areas	  that	  need	  more	  data	  

• Great	  in	  one,	  or	  great	  in	  both,	  or	  “sorry,	  not	  going	  to	  work	  there”	  
• Answers	  question:	  Where	  is	  TNC	  going	  to	  work?	  

o Tried	  to	  connect	  back	  to	  human	  use	  –	  threat	  list	  
• Goal:	  better	  understand	  where	  the	  intersection	  of	  high	  quality	  HUCs	  and	  ongoing	  efforts	  

and/or	  gaps	  
o For	  example,	  upper	  Tar	  is	  obvious	  concern	  
o Then	  ask,	  what	  is	  Tar	  River	  Land	  Conservancy	  doing?	  	  What	  are	  threats?	  	  How	  can	  

TNC	  help	  Tar	  River	  efforts?	  	  Should	  TNC	  get	  involved?	  
• Results	  showed	  good	  coverage	  of	  conservation	  efforts.	  	  Even	  Dan	  River.	  
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Political Situation 
• Eflow	  mandate	  is	  currently	  flying	  under	  the	  political	  radar.	  	  But	  may	  come	  under	  scrutiny	  in	  

the	  near	  future.	  
 
Feedback from group 

• Pete:	  threat	  table	  from	  large	  stakeholder	  group	  is	  a	  good	  starting	  point	  for	  ENCSEVA	  threats	  
o Pete	  thinks	  we	  still	  need	  to	  go	  through	  the	  process	  as	  if	  the	  TNC	  data	  doesn’t	  exist	  	  
o Louise	  explains	  that	  situational	  analysis	  requires	  a	  consideration	  of	  the	  specific	  

spatial	  and	  social	  context	  
 
**Louise discusses open standards definition of Scope 
 
Scope Brainstorm 

• Wilson	  likes	  second,	  shorter	  scope	  
o Perhaps	  identify	  individual	  watersheds:	  APNEP	  +	  Cape	  Fear	  (Chuck	  agrees)	  
o Dean	  wonders,	  upper	  tributaries?	  

• Susan	  wants	  a	  definition	  for	  riverine	  
o Wilson:	  circulatory	  system	  in	  the	  landscape,	  longitudinally	  and	  laterally	  connected	  

and	  intact	  
! Quality	  is	  a	  part	  of	  it	  too,	  but	  first	  thing	  you	  need	  to	  do	  is	  have	  connection	  

• Susan	  likes	  “Active	  River	  Area”	  within	  ENCSEVA	  geography	  
o Headwaters	  to	  the	  estuary	  and	  looks	  at	  the	  lateral	  area	  
o Chuck	  says	  TNC	  uses	  this	  term	  too	  and	  that	  it’s	  a	  published	  term,	  see	  Smith	  et	  al.	  

2008	  
• Wilson	  brings	  up	  “River	  Continuum”	  term	  but	  group	  decides	  that	  Active	  River	  Area	  works	  
• Dean	  asks,	  what	  is	  the	  consequence	  of	  defining	  scope	  for	  larger	  process?	  

o Louise	  explains	  that	  its	  simply	  a	  way	  of	  organizing	  conservation	  efforts	  
 
Vision Brainstorm 

• Wilson	  and	  Chuck	  don’t	  like	  the	  phrase	  “a	  connected	  network	  of	  rivers”	  bc	  that	  suggests	  
cross	  basin	  connections	  which	  are	  bad	  

o Instead,	  “A	  connected	  network	  of	  tributaries,	  intact	  watershed	  and	  landscape.”	  
• Include	  Active	  River	  Area	  (ARA)	  
• Replace	  one	  of	  the	  “community”	  references	  with	  “habitat”	  

o “…adjacent	  riparian	  habitat”?	  
• Chuck	  suggests:	  “Functional,	  active	  river	  areas…”	  

o Wilson	  loves	  it	  
o Susan	  is	  uncertain	  about	  “functional”	  bc	  there	  is	  not	  enough	  precision	  

! To	  what	  degree	  is	  the	  river	  functioning?	  
! Louise:	  Can	  you	  have	  a	  low	  functioning	  river?	  

• Yes,	  for	  example	  the	  current	  state	  of	  the	  Neuse	  
! Sam	  raises	  possibility	  of	  using	  “resilient”	  term	  

• “Active	  River	  Areas	  supporting	  diverse	  and	  productive…”	  
o Other	  buzz	  words:	  sustainable,	  healthy,	  resilient,	  richness,	  thriving	  

• “Rivers	  and	  their	  adjacent	  riparian	  areas	  supporting	  resilient	  biological	  and	  appropriate	  
ecosystems	  and	  species.”	  

 
Sam’s suggested Vision: 
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“Active river areas that support diverse and resilient communities… 
 
** Louise discusses Conservation Targets/Lunch Break 
(Notetaker – Kathy Owens) 
Continued Vision Statement Discussion: 

• Pete	  noted	  that	  “Active	  River	  Areas”	  is	  not	  well-‐known	  and	  recommends	  “Rivers	  and	  their	  
adjacent	  riparian	  habitats”	  

• Judy	  noted	  that	  “riparian”	  includes	  “adjacent”	  therefore	  redundant.	  
• Wilson	  discussed	  “resilient”	  –	  “productive”	  says	  more	  of	  what	  we	  are	  trying	  to	  say	  here	  

versus	  assumed	  temporal	  implications	  of	  “resilient.”	  	  Chuck	  specified	  “biologically	  
productive.”	  	  	  

• Louise	  reviewed	  suggested	  terminology:	  	  supporting,	  resilient,	  healthy	  communities,	  native	  
species,	  supporting.	  

• Group	  discussed	  incorporation	  of	  water	  quality/quantity	  and	  people/public	  aspect.	  	  Pete	  
interjected	  that	  some	  words	  incorporate	  people	  aspects	  which	  is	  needed	  to	  address	  other	  
agencies’	  missions	  (which	  are	  part	  of	  the	  ENC/SEVA	  team).	  

• Vision	  should	  be	  broad,	  not	  explicit.	  
• Sara:	  	  Does	  “healthy”	  convey	  “biologically	  productive”?	  	  What	  about	  ecological	  integrity?	  
• Judy:	  	  we	  don’t	  have	  control	  over	  all	  that	  affects	  ecological	  integrity	  –	  danger	  of	  being	  too	  

broad	  for	  our	  influence,	  but	  ok	  to	  have	  in	  broad	  vision.	  
• Propose:	  	  Rivers	  and	  their	  riparian	  habitats	  which	  support	  resilient	  and	  healthy	  

communities	  of	  native	  species	  for	  the	  benefit	  of	  current	  and	  future	  generations...may	  add	  
water	  quality/quantity,	  aquatic,	  natural,	  and	  ecological	  integrity.	  

• Louise	  will	  pull	  together	  and	  send	  out	  for	  later	  review.	  
 
Conservation Target Goals: 
Louise reviewed definition:  8 or less species, communities, and ecological systems chosen to 
represent the full biodiversity of the scope.  They are the basis for setting goals, carrying out 
conservation…lead into brainstorming session: 

• Diadromous	  fish	  
• Freshwater	  mussels	  
• Endangered/rare	  crawfish	  
• Streambed/streambank/watercolumn	  fauna	  
• Riverine	  bottomland	  hardwoods	  
• Connectivity	  –	  physical/hydrological	  –	  for	  the	  diadromous	  fish.	  	  More	  of	  a	  KEA?	  	  “Target”	  

discussion	  ensued.	  	  Connectivity	  affects	  the	  use	  of	  the	  system	  by	  all	  species	  and	  is	  a	  
measurable	  goal,	  but	  is	  a	  goal	  vs	  a	  target.	  	  Will	  include	  connectivity	  as	  a	  measure	  of	  goal.	  	  
Function	  vs	  condition.	  

• Rich	  slope	  mesic	  forest	  (from	  TNC	  plan)	  
• Riverine	  forest	  (from	  TNC	  plan)	  
• Riverine	  resident	  aquatic	  species	  (from	  TNC	  plan)	  
• Scope	  may	  help	  narrow	  what	  targets	  are	  considered.	  	  Why	  not	  focus	  on	  habitat	  itself	  when	  

developing	  targets?	  	  Can	  go	  with	  habitat	  or	  species.	  	  Species	  are	  easier	  to	  measure,	  but	  with	  
this	  scope	  might	  be	  better.	  	  Habitats	  fine	  –	  just	  brainstorm.	  

• Headwater	  streams	  
• Main	  channel	  streams	  
• Sizes	  of	  streams	  (define	  a	  community	  
• Native	  aquatic	  plants	  –	  buffers,	  cover	  canopies,	  habitat,	  food	  
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• Intact	  floodplain	  habitats	  –	  spawning,	  migratory	  birds,	  waterfowl,	  neotropicals	  
• Travel	  corridors	  –	  intact	  floodplain	  habitat,	  native	  vegetation	  
• Neotropical	  migratory	  birds	  
• Bats	  –	  feed	  and	  shelter	  
• Woody	  debris	  –	  structure	  and	  habitats	  
• Water	  quality	  and	  quantity	  
• Substrate	  diversity	  (instream)	  –	  stability,	  spawning,	  cover,	  feeding	  
• Medium	  and	  large	  coastal	  rivers	  

 
Lumping: 
Susan suggested habitats first then include remaining species. 

1. Diadromous	  fish	  
2. Resident	  aquatic	  species	  –	  freshwater	  mussels,	  crawfish	  
3. Floodplain	  (veg)	  Riverine	  vegetated	  communities	  (within	  the	  ARA?	  	  Yes.)	  –	  more	  specific	  

management	  for	  community	  types	  
o Riverine	  bottomland	  hardwoods	  
o Richslope	  mesic	  

4. Headwater	  streams	  –	  functional	  so	  lump	  under	  Forested?	  	  No,	  specific	  component	  of	  ARA	  to	  
make	  all	  functional.	  	  Could	  be	  nested,	  but	  would	  be	  very	  high	  priority;	  therefore	  may	  be	  
better	  as	  stand-‐alone.	  

o Why	  say	  this	  and	  not	  all	  other	  stream	  types?	  	  Source	  of	  outside	  resources	  that	  
influence	  the	  quality	  of	  the	  water.	  	  Fewer	  species	  =	  harder	  to	  protect	  and	  people	  can	  
develop	  right	  up	  to	  edge	  

 
Flow?  Will likely be a KEA. 

5. Forested	  riparian	  corridors	  (can	  develop	  very	  specific	  strategy,	  but	  will	  be	  broad	  policy	  
management;	  but	  can	  have	  both)	  –	  function-‐oriented.	  	  Is	  this	  an	  adequate	  description?	  	  
Width/length	  is	  important?	  	  Difficult	  to	  define	  because	  species-‐dependent.	  

o Continuous,	  unfragmented	  cover	  
o Community	  types	  
o Travel/migration/dispersal	  
o Buffer/filtration	  sediments,	  erosion	  
o Within	  ARA	  
o Source	  of	  productivity/food	  for	  instream	  species	  
o Mappable,	  size	  variable	  

 
Judy:  How tightly are we sticking to our ARA scope?  Not that many headwater streams in 
ARA, but critical habitat.  Pete:  May be where this effort overlaps with Uplands environment. 
 
Threats – brainstorming session:  Any kind of anthropogenic activity that is causing the 
degradation of a target. 
 

o Dams	  –	  obstructions,	  impediments,	  culverts,	  reservoirs	  (loss	  of	  migrational	  queues),	  low	  
water	  crossings	  

o Fragmentation	  –	  water	  
o Drought	  exacerbated	  by	  water	  withdrawls	  
o Beavers	  –	  instream	  impoundments	  –	  some	  area	  so	  isolated	  a	  beaver	  dam	  extirpates	  it	  –	  

depends	  on	  where	  you	  are	  in	  the	  landscape,	  can	  create	  additional	  habitat.	  	  Too	  many?	  	  	  
o Shale	  gas	  from	  fracking	  –	  water	  quality	  and	  quantity	  
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o Invasives	  	  and	  exotics	  –	  accidental	  and	  intentional,	  predation	  and	  competition	  
o Impervious	  surface	  
o Discharge	  –	  point-‐source	  and	  nonpoint	  (road	  salt,	  highway,	  parking	  lots,	  synthetic	  roofs,	  

thermal),	  out	  of	  compliance,	  agricultural	  runoff	  
o Livestock	  in	  streams	  
o Landuse	  change	  
o Sand	  and	  gravel	  mining	  –	  in	  and	  out	  stream	  
o Water	  	  
o Irregular	  withdrawl	  
o Groundwater	  withdrawl	  
o Navigational	  discharge	  
o Emerging	  contaminants	  –	  pharmaceuticals	  
o Interbasin	  transfers	  –	  wastewater	  transfers	  
o Land	  application	  of	  waste	  
o Climate	  change	  
o Captive	  animal	  food	  operations	  
o Demographic	  isolations/genetic	  
o Localized	  extirpation	  
o Highway	  construction	  
o Flow	  alteration	  –	  dams/obstructions	  
o reservoir	  construction	  
o Increased	  water	  demand	  
o Spills	  –	  tanker	  trucks,	  chemical	  
o Disease	  –	  primary	  or	  secondary	  threat?	  	  Caused	  by	  aquaculture	  facility	  
o Aquaculture	  facilities	  –	  nutrient	  runoff	  
o ORV/ATV	  
o Bycatch	  and	  overfishing	  
o GMOs	  –	  floodplain	  dependent	  Lepidoptera	  that	  may	  consume	  GM	  crops	  
o Ditching	  
o Channelization	  
o Navigational	  dredging	  
o Clearing	  and	  snagging	  instream	  (can	  be	  positive	  management	  tool	  and	  negative	  –	  removing	  

woody	  debris	  within	  the	  channel)	  
o Disconnected	  floodplain	  –	  diking,	  impoundments	  
o New	  agricultural	  ponds	  –	  impacts	  	  
o Waterborne	  commerce	  
o Boating	  –	  invasives,	  pollution	  –	  conflicting	  uses	  

 
Goals – what can we reasonably accomplish as a group? 
 

1. Diadromous	  fish	  
o By	  20xx	  (within	  a	  manageable	  time	  range),	  will	  have…	  

! access	  to	  75%	  of	  their	  historic	  range	  
! Population	  targets	  –	  difficult	  since	  our	  ability	  to	  assess	  is	  limited.	  	  Numbers	  

have	  been	  developed	  by	  APNEP	  and	  other	  partners	  which	  we	  can	  support.	  
! Safe	  and	  timely	  and	  effective	  passage	  
! Hydroregime	  (flow	  and	  temperature)	  adequate	  for	  successful	  spawning	  –	  

reproductive	  success	  for	  x	  out	  of	  x	  years	  in	  x	  river	  systems	  
2. Resident	  aquatic	  species	  (develop	  KEAs	  first)	  

o Rare	  mussels	  (nested)	  –	  high	  priority	  
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o Wait	  for	  Sara	  
o Goals	  for	  assemblages	  by	  location	  

	  
	  
Riverine	  Core	  Team	  Workshop	  I	  
June	  1,	  2012	  
(Susannah	  note	  taker)	  

Dean: In late 2003 APNAP focused on developing indicators. Worked through stakeholder 
process but wanted to ground indicators in science. APNAP Created scientific and technical 
advisory committee (36) of experts from ecologists to statisticians. The groups were broken into 
teams around topics such as water, air, human dimension. Over many years the process unfolded 
and was guided by thinking about mission and management process but it wasn't bound by these 
things. In addition a policy committee and citizens committee also contributed indicators. 
Resulting list was 150 indicators that aggregated a number of things. Next step was to develop 
indicators into a monitoring strategy that would be parallel with APNAP's strategic plan because 
this would affect the detail and cost of the monitoring process. Strategic planning process is 
finally finished and now the indicators will be mapped to that plan. This involves working with 
partners, perhaps introducing new metrics and elaborating on the monitoring strategy. Gomel 
now is to finalize the outcomes and the targets that will define a healthy ecosystem. Questions 
answered will be; what is a healthy ecosystem, what will be tracked, what is current population 
size and what is its status. Finally, what actions will be taken? This approach will try to account 
for things like shifting baselines in the definition of a healthy ecosystem and choosing targets. 
Goal is to aim high but also be realistic. Each team that is part of the group now has a list of six 
indicators for their topic areas. Monitoring and assessment teams are also formed from a variety 
of parties. RFPs and GAP analysis is part of the process. Idea is to form a framework that will 
work for a variety of partners that all have distinct missions.  
Pete: So F&W Plan is a sub-component that fits very nicely into this overarching framework and 
makes information exchange possible as well as professionally informed decision-making.  
Dean: Adaptive Management concepts are: Identify, Protect, Restore, Engage,  Monitor. Goal is 
to make current plans more specific and implementation-focused. APNAP brings all of the 
participants to the table and brings all perspectives to bear on the issue. Collective indicators that 
are not too numerous but capture a certain outcome is the goal. Stakeholders as part of the 
process then become champions for implementation, monitoring etc. and citizen science can also 
grow and be a contributor as well.  
Pete: one of weakest points of F&W is lack of follow through on monitoring as well as plans for 
longer term monitoring based on core indicators over The past 40-50 yrs. this is what makes this 
work and these partnerships so important. Finer scale chunks of the landscape with multiple 
stakeholders engaged with monitoring at finer scales is the goal for planning and action moving 
forward so that "annual work plans" can be developed with 1) process metrics and 2)biological 
metrics that will enhance marketing and therefore resource contribution from Dept. of Interior.   
Dean: indicators will be stressors (biological) and management (process). Based on qualitative 
conceptual model, monitoring is set and tracked and then adjusted iteratively through the 
guidance of research. Same monitoring goes for management activity. EBM - ecosystem-based 
management, CAP - conservation action planning, and AM can be done to the finest scale but it 
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all depends on your mission and objectives as well as authority over actions and funding for 
them.  
Chuck - main challenge is that organizations that DO something (actions and monitoring) are 
being challenged by staffing and funding i.e. Global Invasives Team at TNC. Need is to have 
small enough actions that they can be done by boots on the ground to build equity so that 
incremental progress can be shown to encourage increased funding. Action must be unpackaged 
into the steps it takes to achieve outcomes and milestones identified along the way.  
Louise: Accountability in grants and AM is the new trend - the new standard. KEAs are aspects 
of a target's biology or ecology that at present defines a healthy target and if missing/altered, 
leads to loss or degradation of that target over time. KEAs often answer what is needed in order 
for the long term survival of the conservation target. Target > KEA, KEA, KEA > Indicator and 
then ratings from very good to poor are developed for each indicator. KEA categories include: 
size, condition and landscape context. It can often be helpful to think about KEAs by working 
backward from threats. Focus on KEAs and monitoring or modeling their changes or impacts is 
what facilitates adaptive management. For example: target =freshwater marsh, KEAs=nesting 
habitat, foraging habitat (biological indicators may not make the best KEAs because they can be 
subject to other impacts that may cause a decline in their populations (like weather) These 
impacts may be entirely unrelated to management strategies or provisions) 
Pete: we must measure things that we have control over. Population biologists often fall into the 
trap of monitoring numbers of birds like waterfowl but there is not enough data, knowledge to 
make this a feasible target. Nesting and foraging habitat are better KEAs. These variables are 
things that can be measured over time and can play a role in adaptive management. However, a 
discrete river system like the Cape Fear Shiner must feature discrete biological KEAs because of 
it' narrow geography. Practicality often demands a community focus that will ultimately capture 
many species. The method then is to look at species conservation from a different, landscape-
focused view.  When more info is gathered about a species it can be elevated to a target status. 
Species focus can often lead a team into the weeds and confound the process because each 
species requirement is so different. 
Louise: Distinction between targets, KEAs and Indicators is important and can save much 
confusion. For broad scale management, KEAs must broad enough to take geography into 
account. For example: fire regimes instead of water quality whose indicators can be so varied 
from area to area that it becomes impossible to develop a framework around them that is 
measurable and transparent and effective for long term monitoring. Time, frequency and extent 
of burns are indicators that are transferable across sizes, conditions and landscapes.  
Pete: 30K foot level perspective is critical for getting core indicators that will apply across all 
riverine systems at all geographies. Common, landscape-scale indicators are just a springboard 
for building on. For each implementation at finer scales, indicators should be added to make 
actions more relevant to specific sites.  
Wilson: new ideas for conservation targets in addition to Diadromous Fish are bald eagles and 
colonial water birds because they are very visible from the air and easy to measure, they are 
routinely monitored and they are closely tied to bottomland hardwood and riverine systems.   
Pete: these new targets are more likely indicators 
Sara: presence of these species says that riverine systems are healthy. There will be a lot of 
species like this that can be picked by each organization based on their infrastructure.  
Green shirt: water birds are very dependent on a specific habitat therefore they would more 
likely be an indicator. 
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Louise: KEAs are very explicit hypotheses that, they're, support the health of conservation 
targets 
Wilson: D fish are subject to many factors beyond control 
Pete: D fish should perhaps be an indicator of a particular type of habitat condition that is desired 
and that organizations have control over. 
Chuck – TNC doesn't control fish harvest or population cycle. They engage at the monitoring 
level so D fish then become an indicator.  
Wilson: connectivity is therefore an appropriate target 
Pete: in addition to connectivity you have to be sure that you have the correct structural and 
habitat components that support D fish.  
Wilson: it is possible to measure connectivity through things like blockages, access passages. 
Dissolved oxygen could be another indicator because it is impaired now and it affects a wide 
range of species 
Sara: all targets should be Habitat and KEA is connectivity or DO and D fish are the indicator.  
Pete: following that line of logic then goals can be easily seat as well as monitoring activities. 
Green shirt: this gets at the problem of doing everything right and still not seeing success of the 
indicator species. It is easier to identify where and how they are being impacted and whether that 
is under an organization's control and if so which one? We need to keep definition of habitat 
broad and then KEA narrows it down.  
Chuck: D fish and fleshing out all of the things that impact this species you will ensure that you 
get all of the connections in the riverine system that support them such as resident aquatics. If 
you define target as habitat, concern is connections won't get made cause D fish involves habitat 
AND life cycle.  There are so many differences from habitat to habitat. 
Sara: measuring  Hickory Shad will show you that D fish are in a very good or poor status. Do 
we need to define which species? 
Wilson: We need to identify the guild. There are 8 D fish species. We should note that their 
habitat can be pristine but due to bycatch fish can decline 
Green Shirt: we are never going to provide the fish but we can provide fabulous habitat by 
manipulating structure and function. This is the most honest we can be about our abilities. We 
are capable of developing this capacity.  
Chuck: D fish as a target is defined as flows condition and certain areas that meet the D fish's 
biological requisites for the freshwater part of their life cycle. 
Wilson: there is a temporal factor as well. For the survival of these D fish they need safe, timely 
and effective passage around structures or blockages. 
Green shirt: we don't need to have the word in the target but it should be in the definition. Flow 
and connectivity are implied in habitat. If that is not clear, they should be explicitly stated.  
Chuck: life cycle needs to be included in the definition.  
Definition of Target: We define the target species as the 8 species of D fish that are present in 
ENSCEVA's geographical region and the flows and conditions critical for them to meet their life 
cycle requirements.  
KEAs for D fish 
Wilson: Hydrologic Connectivity-contiguous acreage of riverine habitat with both a latitudinal 
and longitudinal dimension. Riverine is defined as active river area including flood plain. 
Indicator is obstructions per stream mile. Dams fulfill longitudinal component. Number of dikes 
(man-made levys) and culverts fulfill latitudinal component. Ditching should also be considered 
but it is tricky because that involves timing. (this is more of a threat) 
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Chuck - we should distinguish between aquatic and terrestrial connectivity by adding hydrologic 
so  
Wilson - very good is no obstructions, poor would be a percentage of inaccessible habitat. There 
are ongoing efforts providing information that will help guide these classifications.  
Chuck - greater than 50% of desirable river/stream structures are unavailable.  
Wilson - we need to do an analysis of where we are currently with structures.  River system 
needs to be surveyed for a complete inventory of all obstructions.  
Green shirt - there is a document of all dam obstructions that can be used to identify the HUCs 
that have a high level of obstruction. We could use number of barrier miles as an indicator.  
Wilson: we could count fragments instead of obstructions.  
Chuck - characteristics of barrier must be assessed such as light restriction, height etc... Level of 
obstruction is scale-dependent.  
Wilson - Flow is another KEA: must have appropriate quantity and timing. We need to look at 
attractant flows, spawning flows, water to floodplain, habitat availability and juvenile 
outmigration flows. We don't have a great understanding of these cues to be precise but some 
estimation is better than none. 
Chuck - indicator would be duration and magnitude 
Wilson – indicator would be degree of departure from pre-dam flow. IHA statistics include the 
characteristics of stream flow and measure the variability from historic flows. Flows vary per 
species and there will be good and bad for various species in various years. Actually temperature 
may be a better KEA.  
Wilson: 3rd KEA is Dissolved oxygen -the amount of oxygen in the water column. Very good 
would be 5ppm and above. Less than 5ppm is poor.  There is a very narrow range. Wilson has 
the numbers.  
Green shirt: DO bottoms out every hurricane especially in the Albemarle.  
Dean: there are different DO standards for various levels of the water column.  
Wilson: ASMFC sourcebook has this data. DO bottoms out are part of natural cycle - they would 
happen without anthropological impacts. There is a natural variation. We need continuous water 
quality monitoring. It doesn't exist in NC. 
KEAs for Resident Aquatic Species Habitat:  
Habitat incorporates substrate, flow, DO, Chemistry. This is where specific species 
characteristics come in to play - i.e. you need a variety of substrates for different species. We 
recognize variability but effect can be looked at as something that impacts more generically... 
Habitat is these characteristics. Appropriate flow regime and its interaction with geophysical 
characteristics will facilitate this habitat without getting into all the confounding species specific 
details.  
For RA, we have control and full responsibility so we will have more KEAs. Again it will be 
connectivity, flow and DO (DO could fall under larger Water Quality umbrella) indicators would 
be DO, Ph, Biological Oxygen Demand.  another KEA would be Habitat Complexity (structure, 
resources and substrate). Lack of channelization could be the indicator - very good is no 
channelization, poor is no change (decrease) in channelization.  IBI - indicator of biological 
integrity would be a great indicator for KEA habitat complexity. It is being done and it does have 
measurements for very good to poor. Fish community and structure and dispersal would be 
another indicator 
Wilson - IRISH are mapping entire watersheds and doing stream-bottom measuring.  
Chuck - OR complexity of substrate could be the indicator 
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Waste water is a major threat 
KEAs for Riverine Vegetated Communities which are natural plant communities found within 
scope and bottomland hardwoods (nested conservation targets)  
1) Terrestrial  Connectivity: indicators would be diversity of structure, age class and recruitment 
as well as neotropical migrants.  
2) River Cane: indicators are number of breaks 
(Notetaker	  –	  Kathy	  Owens)	  
KEAs	  Continued…	  
	  
Indicator	  for	  contiguous	  forest	  

• Neotropical	  migrants	  –	  interior,	  breeding	  
 
River Cane breaks – a lot lost 

• (see	  Mike	  Schafle)	  
• Third	  nested	  target	  
 

Cover 
• KEA	  –	  Structure	  –	  Age	  class,	  Div,	  recruits	  
• KEA	  –	  Species	  Composition	  
• KEA	  –	  Flow	  –	  needs	  to	  have	  floods	  timed	  	  by	  magnitude	  and	  interannual	  variability	  and	  

duration	  
 
Forest Riparian Forest Corridor – continuous cover 
Though headwaters to coastal plain, serving as travel corridors, temporary control, and adding 
source inputs and filtration (buffer) 

• KEA	  -‐	  Contiguous	  Forest	  Cover	  -‐	  Nested	  targets	  are	  coastal	  plan-‐focused	  
• KEA	  –	  Width	  –	  sufficiently	  wide	  to	  be	  a	  travel	  corridor,	  nesting/denning,	  cover.	  (width	  

needs	  to	  allow	  interior	  nesting	  birds,	  bobcats	  habitat	  for	  successful	  life	  cycle	  of	  riparian-‐
dependent	  species)	  

o Indicators	  –	  measure	  contiguous	  widths	  (aerially),	  species	  guilds	  
Assumption – if contiguous and wide then good filtration, temperature, and inputs. 

• KEA	  –	  Structure	  –	  complex	  structure,	  upper/mid/stable	  ground	  cover	  
 
Headwater streams 
A system composed of first order streams or smaller 
KEAs: 

• Channel	  structure	  –	  free-‐flowing,	  natural	  structure	  without	  anthropogenic	  direct	  inputs.	  	  
Primary	  sources	  are	  precipitous	  or	  groundwater.	  

o ?	  –	  is	  there	  a	  standard	  percentage	  of	  a	  watershed	  that	  should	  be	  in	  headwater	  
streams	  to	  maintain	  its	  health?	  	  Mapping	  of	  all	  stream	  orders?	  

 
• Area	  of	  first	  order	  forested	  headwaters	  
• Amount	  of	  natural	  condition	  

o Indicator	  –	  anthropogenic	  impacts/obstructions	  
• Natural	  quantity	  –	  amount	  of	  enhancement,	  amount	  of	  obstructure,	  (reference	  RTR	  

waterfall	  models)	  
• Natural	  cover	  –	  forest	  cover	  inputs	  native	  –	  consistent	  with	  instream	  species’	  needs	  
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• Structure	  –	  (see	  flip	  chart)	  beyond	  natural	  structure,	  sedimentation/substrate	  diversity	  –	  
caught	  in	  Resident	  Aquatic	  Species,	  follow	  up	  with	  Doug…	  

• Quantity	  and	  Source	  of	  water	  –…(see	  flip	  chart)	  	  
• Natural	  nutrient	  Inputs	  –	  buffer,	  native	  cover,	  lack	  of	  pt	  source	  and	  non-‐point	  source	  inputs	  

	  
	  

Wrap	  Up/Follow	  Ups:	  
• Workshop	  II	  will	  be	  June	  25	  &	  26	  at	  Raleigh	  Field	  Office	  conference	  room	  (same	  

times/location).	  
• Chuck	  -‐	  send	  Core	  Team	  link	  to	  TNC	  Assessment	  when	  finalized.	  
• Susan	  -‐	  send	  Louise	  Gloucester	  Field	  Office	  Step	  Down	  Plan.	  
• Louise	  will	  be	  contacting	  participants	  for	  additional	  information.	  
• All	  -‐	  Please	  review	  Open	  Standards	  technical	  manual	  (in	  original	  email	  from	  Pete	  Campbell)	  

in	  preparation	  for	  Workshop	  II.	  
• All	  -‐	  Contact	  other	  expertise	  to	  fill	  in	  the	  gaps	  identified	  though	  process	  thus	  far.	  
• Louise	  –	  send	  power	  points	  and	  example	  to	  Core	  Team	  for	  reference.	  
• Pete	  –	  send	  Louise	  cheat	  sheet	  of	  terminology.	  
• Louise/Pete/Kathy	  –	  Request	  Jean	  Richter	  attend	  June	  Workshop.	  
• Comments?	  

o More	  examples	  from	  Wetland	  Team?	  	  Could	  have	  constrained	  original	  thinking.	  	  	  
Examples	  that	  are	  not	  closely	  related	  to	  subject	  matter	  is	  helpful	  without	  influencing	  
thinking.	  

o KEAs	  before	  goals?	  	  Will	  have	  to	  wait	  and	  see	  what	  goals	  are	  fleshed	  out…	  
o Better	  to	  go	  through	  complete	  product	  or	  piece	  meal?	  	  Piece	  meal	  better	  –	  Louise	  did	  

a	  great	  job	  of	  explaining	  and	  facilitating.	  	  Pete	  -‐	  provide	  cheat	  sheet	  of	  definitions.	  
o Facilitation	  good	  –	  kept	  people	  moving	  forward	  when	  needed.	  
o Functional	  small	  group	  helped	  to	  enable	  productivity	  (didn’t	  need	  as	  many	  

facilitation	  tools	  to	  capture	  everyone’s	  input).	  	  Helpful	  to	  have	  people	  on	  the	  Team	  
that	  are	  familiar	  with	  Open	  Standards.	  

o Benefits	  of	  Open	  Standards	  –	  cross	  walks	  with	  many	  other	  agency/NGO	  plans.	  
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Riverine	  Systems	  Workshop	  2	  Notes	  (June	  25	  –	  26,	  2012)	  
ENCSEVA Riverine Workshop 2 
June 25, 2012 
 
Facilitators: 
Louise Alexander (Vaughn) 
 
Experts: 
Chuck Peoples, TNC 
Dean Carpenter, APNEP 
Jeanne Richter 
Susan, VAFWS 
Sarah McCray 
Wilson Laney, USFWS 
 
Recap 

• Louise	  recaps	  ENCSEVA	  progress	  and	  Open	  Standards	  
• Previous	  workshop	  was	  about	  collecting	  information	  and	  data	  from	  experts	  
• Since	  then	  Louise	  has	  organized	  the	  info	  that	  was	  collected	  using	  Open	  Standards	  

framework	  
• Today	  the	  group	  will	  review	  progress	  from	  last	  workshop	  and	  develop	  conservation	  target	  

goals,	  review	  conceptual	  diagram	  and	  investigate/rank	  threats,	  and	  introduce	  strategies	  
and	  results	  chains	  

 
Review Conservation Targets 

• For	  resident	  aquatic	  species,	  the	  mussel	  and	  crayfish,	  etc	  can	  be	  combined	  into	  one	  category	  
of	  rare	  and	  endemic	  species	  

 
Review Diadromous Fish KEA 
 
Hydrologic Connectivity 

• “Diadromous	  Fish”	  instead	  of	  “Diadromous	  Fish	  Habitat”	  
o Wilson	  mentions	  that	  “habitat”	  is	  still	  captured	  within	  the	  KEA	  for	  hydrologic	  

connectivity,	  so	  that’s	  good	  
o Wilson	  suggests	  doing	  a	  lit	  review	  in	  order	  to	  find	  a	  quantitative	  metric	  for	  fair	  and	  

good	  ratings	  
! Poor	  >75%	  inaccessible,	  Fair	  >50%,	  Good	  >25%,	  Very	  Good	  no	  

obstructions?	  
! Joe	  Hightower	  and	  Jim	  Armstrong	  -‐-‐	  obstruction	  of	  historic	  spawning	  habitat	  

for	  Atlantic	  Sturgeon	  
• Shad	  and	  other	  species	  will	  be	  different	  but	  numeric	  values	  can	  be	  

tweaked	  
	  

• Dean	  points	  out	  discrepancy	  between	  inaccessible	  habitat	  and	  linear	  barrier	  density	  –	  i.e.	  
one	  barrier	  downstream	  makes	  habitat	  inaccessible	  upstream	  

o Louise	  suggests	  having	  two	  indicators,	  one	  for	  each	  delineation	  
! Wilson	  seems	  to	  like	  this	  idea	  
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! Current	  rating	  reflects	  accessible	  habitat,	  and	  new	  rating	  should	  be	  
developed	  for	  barrier	  density	  –	  low	  #	  barriers,	  high	  amount	  accessibility	  

 
Flow 

• Chuck	  recommends	  revising	  “…for	  species	  movement	  and	  migration…”	  to	  more	  inclusive	  
term	  

o Sarah	  likes	  “species	  movement	  and	  life	  cycle	  requirements”	  
! Life	  cycle	  requirements	  captures	  migration	  part	  

o Wilson	  agrees	  a	  revision	  is	  necessary	  
• Does	  a	  subset	  of	  IHA	  statistics	  capture	  what	  we	  need?	  

o Chuck	  doesn’t	  want	  to	  use	  IHA	  statistics	  directly	  but	  as	  a	  way	  to	  measure	  Duration,	  
Frequency,	  Magnitude	  and	  Timing	  (seasonality)	  

 
Interlude: Pete discussed climate change vulnerability requirement of ENCSEVA planning.  
Recommended keeping this in mind and choosing appropriate KEAs for vulnerability 
assessments. 

 
Flow (cont.) 

• Wilson,	  Chuck,	  and	  Jeanne	  will	  do	  ratings	  by	  looking	  at	  Richter	  paper	  
o Wilson	  also	  wants	  to	  include	  Sarah,	  but	  she’s	  not	  too	  keen	  on	  that	  
o Chuck	  recommends	  TNC	  post	  doc	  

 
Dissolved Oxygen 

• DO	  is	  naturally	  low	  in	  southeast	  as	  a	  result	  of	  warm	  temps	  in	  summer	  
• Chuck	  discusses	  peaking	  increasing	  range	  of	  DO,	  both	  lower	  and	  upper	  bounds	  
• Wilson	  points	  out	  that	  Duration	  should	  be	  added	  as	  a	  rating	  

o It’s	  important	  to	  note	  that	  DO	  is	  not	  simply	  below	  a	  critical	  limit	  but	  how	  long	  does	  
deficiency	  occur	  

o Factors	  include	  nutrient	  influx	  and	  controlled	  flows,	  some	  is	  natural	  i.e.	  blackwater	  
streams	  with	  low	  pH	  

• Jeanne	  brings	  up	  magnitude	  as	  a	  potential	  factor	  and	  both	  Wilson	  and	  Pete	  concur	  that	  areal	  
extent	  is	  important	  –	  Bob	  Dies	  paper	  

• Pete	  recognizes	  Duration	  and	  Extent	  as	  being	  important	  but	  also	  suggests	  
Timing/Seasonality	  

• Dean	  sparks	  discussion	  about	  biological	  KEAs	  (i.e.	  bycatch)	  but	  Wilson	  reminds	  the	  group	  
that	  those	  concerns	  are	  the	  responsibility	  of	  other	  managers	  like	  the	  fishery	  management	  
councils	  

o Other	  direct	  threats	  like	  bycatch	  will	  be	  part	  of	  Strategies	  
Stream Temperature 

• Timing	  and	  Temperature	  and	  Flows?	  
o Jeanne	  brings	  up	  shading	  and	  cover	  in	  the	  headwaters	  as	  having	  an	  impact	  and	  Sam	  

chimes	  in	  about	  restoration	  in	  Oregon	  
• We	  need	  to	  follow-‐up	  with	  Wilson	  on	  several	  temperature	  indicators	  and	  ratings	  

 
Review of DF Goals 
 

• Pete	  asks	  if	  we	  can/should	  prioritize	  different	  areas	  of	  ARAs	  –	  probably	  not	  a	  one	  size	  fits	  
all	  goal	  
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o Chuck	  agrees	  
o Pete	  further	  elaborates	  that	  you	  can	  sub-‐goals	  for	  each	  river	  system;	  also	  points	  out	  

that	  the	  KEAs	  we	  have	  are	  general	  and	  that	  depending	  on	  what	  DF	  species	  you’re	  
targeting	  you	  may	  have	  more	  specific	  sub-‐goals	  

 
Goal 1 

• Specifically	  for	  connectivity	  goal,	  Chuck	  suggests	  have	  two	  goals	  –	  one	  for	  barriers,	  one	  for	  
connectivity.	  	  Dean	  seems	  to	  agree	  judging	  by	  his	  body	  language.	  

o “…restore	  amount	  and	  quality	  of	  hydrologic	  connectivity…”	  
 
Goal 2 

• Chuck,	  for	  2nd	  goal:	  “…ecological	  flows	  compatible	  with	  DF	  life	  cycle	  needs…”	  
o Add	  “ecological”	  remove	  “migration	  cues”	  
o This	  will	  also	  have	  to	  be	  by	  river	  system	  as	  well	  

 
Goal 3 

• Sarah:	  “natural	  weather	  events”	  instead	  of	  “extreme”	  
• Jeanne:	  5	  ppm	  is	  just	  a	  state	  standard,	  we	  don’t	  really	  know	  historic	  level	  

o Sam	  asks	  if	  we	  could	  just	  have	  Poor,	  Fair	  and	  Good	  and	  Dean	  follows	  up	  that	  in	  this	  
case	  Poor	  can	  be	  too	  low	  (<5ppm)	  or	  too	  high	  (>10ppm)	  

 
Goal 4 

• Jeanne	  recommends	  a	  range	  of	  temps	  
 
Additional goals 

• Chuck	  suggests	  adding	  a	  human	  centered	  goal	  –	  recreation	  and	  cultural	  benefits	  
o Historically	  there	  have	  been	  commercial	  benefits	  as	  well	  
o “…maintain	  populations	  able	  to	  support	  recreational	  and	  cultural	  needs…”	  

• Dean	  talks	  about	  addressing	  regimes	  of	  each	  KEA	  with	  the	  goals	  
o Pete:	  A	  nested	  system	  of	  goals	  with	  hydrologic	  regime	  as	  the	  broadest	  component	  –	  

i.e.	  “	  X%	  of	  river	  systems	  exist	  in	  a	  favorable	  regime”	  
o Consist	  of	  a	  defined	  combination	  of	  KEA	  objectives	  (flow,	  temp,	  DO,	  connectivity)	  

• Chuck	  brings	  up	  that	  %	  saturation	  may	  be	  a	  better	  metric	  for	  defining	  DO	  success	  
o Jeanne	  agrees	  and	  says	  that	  temperature	  affects	  %	  saturation	  

• Jeanne	  suggests	  age	  class	  structure	  as	  a	  KEA	  
o Louise	  says	  she	  considered	  that	  but	  thought	  it	  was	  out	  of	  scope	  

! ENCSEVA	  is	  regional	  conservation	  effort	  and	  age	  class	  would	  be	  at	  a	  much	  
finer	  scale	  

o Pete	  defends	  this	  line	  of	  thinking/organization	  	  
Reviewing RAS Goals 

• Goals	  can	  be	  similar	  to	  DF	  
 
Goal 1 

• #	  of	  miles	  of	  connected	  riparian	  habitat	  that	  will	  be	  protected	  
 
Goal 3 

• Sarah	  thinks	  it	  should	  be	  nixed,	  as	  high	  priority	  areas	  have	  already	  been	  identified	  by	  state	  
heritage	  program.	  	  	  
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• Sarah	  would	  like	  to	  see	  increase	  in	  protection	  for	  SNHAs	  (aquatic)	  
 
Reviewing RAS KEAs 
 
Habitat complexity 

• Inputs	  to	  habitat	  and	  stream	  morphology	  
• Remove	  “Channelization”	  and	  “Resources”	  indicators	  
• Add	  “Sediment	  Dynamics”	  

o Pete	  brings	  up	  issue	  of	  appropriate	  level	  of	  sediment	  in	  river	  
o Chuck	  points	  out	  that	  bad	  types	  are	  usually	  silt	  because	  the	  coarser	  grains	  are	  long-‐

term	  characteristics	  
o Talk	  to	  Cliff	  Hupt	  with	  USGS	  in	  Reston,	  VA	  

 
Connectivity 

• Indicators	  same	  as	  DF	  
 
Flow 

• SOS:	  Hydrologic	  flows	  appropriate	  in	  terms	  of	  quantity	  and	  timing	  to	  meet	  life	  cycle	  needs	  
• Indicators	  same	  as	  DF	  

 
Water Quality 

• SOS:	  Achieve	  and	  maintain	  the	  water	  quality	  necessary	  to	  support	  RAS	  
• Sarah	  says	  there	  are	  a	  lot	  of	  indicators	  that	  you	  could	  potentially	  use	  

o DO,	  pH,	  temp,	  nutrients,	  salinity	  (?),	  industrial/chemical	  (?),	  IBI	  
• Jeanne	  suggests	  the	  assimilative	  capacity	  
• Louise	  suggests	  using	  discharge	  permits	  as	  a	  proxy	  for	  indicators	  

o Better	  yet	  discharge	  data	  found	  in	  TMDLs	  –	  Susan/Wilson	  
 
Food 

• New	  indicator	  
 
Reviewing Headwater Streams Goals 

• Add	  “or	  intermittent”	  to	  definition	  
 

Goal 1 
• Use	  TNC	  restoration	  assessment	  to	  prioritize	  

o How	  many	  headwater	  streams	  in	  an	  ARA	  contribute	  to	  an	  SNHA?	  
• Need	  to	  define	  what	  you	  mean	  by	  “protection”	  

Goal 2 
• Restoration	  goal	  

  
Goal 3 

• Protection	  goal	  
 
Reviewing Headwater Streams KEAs 
TBD, Louise homework 
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Revising Riparian Vegetated Community (RVC) and Riparian Forest Cover (RFC) 
 
New target: Riparian Forested Community 

• “The	  target	  is	  defined	  as	  structure	  and	  composition	  of	  native	  riparian	  vegetation,	  which	  
provides	  bank	  stability,	  filtration,	  thermal	  contribution,	  and	  nutrient	  inputs	  to	  riverine	  
systems	  serving	  as	  habitat	  for	  terrestrial	  species	  dependent	  on	  the	  riparian	  zone,	  and	  a	  
corridor	  for	  migration	  and	  dispersal.”	  

 
Goal 1 and 2 

• Wilson	  thinks	  they	  are	  good	  as	  is	  
• Chuck	  suggests	  adding	  SNHAs	  

 
Reviewing RFC KEAs 
 
Contiguous forest corridors  

• Allows	  species	  movement	  and	  dispersal	  around	  the	  landscape	  
• Indicator:	  %	  of	  fragmentation	  in	  ARA	  

 
Forest condition 

• SOS:	  change	  “habitat”	  to	  “wildlife	  habitat”	  	  
• Indicators:	  as	  is	  

 
Natural community and species composition 
 
Riparian Forested Communities – New KEAs 
 

1. Structure:	  defined	  by	  width	  and	  extent	  (%	  cover)	  
a. Age	  class	  
b. Recruitment	  
c. #	  of	  structural	  layers	  present	  (vertical)	  
d. stand	  diversity	  (horizontal)	  

	  
2. Composition:	  Species	  representation	  within	  natural	  community	  types	  and	  between	  

landscapes	  
a. w/in	  natural	  community	  

i. bottomland	  hardwoods	  
ii. mesic	  rich	  slope	  
iii. cane	  breaks	  

b. between	  landscapes	  
3. Wildlife	  habitat	  (corridor)	  

a. Address	  SNHAs	  
 

4. Flow:	  appropriate	  hydrologic	  flows	  to	  support	  vegetative	  communities	  
a. Magnitude	  
b. Duration	  
c. Frequency	  
d. Timing	  
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Reprise: RAS 
• Natural	  community	  structure	  

 
Threats Model 

• See	  Miradi	  file	  for	  revisions	  
• Added	  “Inappropriate	  dam	  management”	  as	  a	  direct	  threat	  

	  
ENCSEVA Riverine Workshop 
June 26, 2012 
(Notetaker – Kathryn Owens) 
 
Threats continued… 
 
Altered Hydrology (previously Reduced Flow 
Add Seasonal Surface and Persistent Withdrawls.  Persistent withdrawls have less peak demand.  
Only been modeled recently, so not able to appreciate full impact and have weak permitting 
system.  Virginia is stricter with permitting but less strict with transfers.  Can happen with 
irrigation of lawns.  Add municipal, industrial, interbasin transfers. 
 
Add Dam Operations.  Ditching occurs for silviculture (sp?) reasons.  Irrigation (agricultural 
demand) is not permitted, so remove arrow to Permitted Withdrawls.  Change Permitted 
Withdrawls to Regulated/Permitted. 
 
Road/bridge construction alters hydrology by backing water up, confines the floodplain.  DOT is 
supposed to address hydrologic connectivity at some level.  Reconstruction may still be an issue.  
Bridges are required to enable the flow of rivers and prevent wetland filling. 
 
Add Human Consumption – ties back to population growth, urbanization.  Lack of water 
conservation in NC.  Previous Raleigh water conservation restrictions resulted in such loss of 
income to water company that restrictions were lifted. 
 
Combined Withdrawls exceed sustainable yield, which is unknown.  There is lack of political 
will to determine this level.  Human consumption leads to Persistent Withdrawls and Demand for 
food.  There is a sustainable amount of water that can be withdrawn, but we don’t want to see it 
exceed the environmental flow threshold.  Link Human Consumption to Lack of Water 
Conservation. 
 
Climate considerations will be taken into account after this process, via vulnerability 
assessments. 
 
Land Use Change List – need to pull apart 
 
Typically think of what sprawl means and in relation to forestry.  Many lead to Channel 
modifications, sometimes positive but usually negative.  Positives have very limited application.  
Channel habitat loss and degradation. 
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Change to Channel Modification (negative) - contributes to Altered Hydrology, but is also a 
direct threat itself. 
ORVs/ATVs in Stream 
Livestock in Streams 
Clearing and Snagging 
Dredging 
Dams 
Lack of enforcement for protected species 
Inappropriate Recreational Uses - boating/hiking/equestrian – cause increased bank erosion 
Lack of riparian/stream bank management – forestry, urban, suburban.  All have individual 
bmps. 
Mining – instream and riparian. 
Agriculture – cattle in streams.  Regulation would require water, shade, and fencing provisions. 
 
Add Loss of Riparian Habitat Integrity.  Need to address inappropriate forestry operations.  
Changes in ARA due to forestry, urbanization, suburbanization.  Increase in forestry roads which 
increase erosion and sedimentation.  Want high quality forests.  Threats address what we want to 
see.  Woody debris removal. 
Barriers to hydrologic movement – roads through swamps, etc. 
Agricultural practices – row crop clearing, pasture lands. 
Fragmentation – increased invasives, recreational vehicle use. 
Urbanization – building, utility right of ways/corridors (gas, power, sewer). 
 
Resident Aquatic Species Habitat – Remove “habitat” to be consistent with Diadromous Fish 
Species.  Consider Communities?  Leave as is. 
 
Ranking Direct Threats – for all of these, different parts of the geography will need to be 
scaled down and reevaluated on a finer scale. 
 
Bycatch & Overfishing 
RE:  Diadromous Fish, Resident Aquatic Species 
 Scope:  There is no inshore trawling which would have caused a lot of bycatch.  
Moratorium in place for Herring and Atlantic Sturgeon (temporary).  Not sure of timeframes.  
Today’s conditions should only be considered.  Bycatch & overfishing is more of an issue in 
marine than riverine. Therefore Medium.  Regulation protecting rockfish.  Herring has huge 
problem with this.  Focus on Riverine environments within ARA.  Overfishing is more of an 
issue.  Medium with note to talk with Wilson.  Commercial operations that are occurring off 
the coast affect these species but are covered in marine environment.  Consider Low for 
Riverine since it’s been addressed via regulations, but if changed, then Medium. 
 Severity:  All Diadromous fish, including multiple endangered species.  Still Low 
because not that high of a percentage are caught by hook.  Considering catch and release.  Ask 
expert opinion – is catch high and, if so, is there anything we can do to affect. 
 Irreversibility:  Medium or High considering how long it has taken to recover the 
Roanoke.  Other factors affect these populations than Bycatch and Overfishing.  Consider 
severity in relation to the effect if you stop the threat 100%.  Medium – if stopped bycatch with 
all other things being equal, would be 6-20 years. 
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RE:  Resident Aquatic Species 
 Scope:  Roanoke fish – extremely rare and still fished.  Low 
 Severity:  Low 
 Irreversibility:  Low 
  
Obstructions to stream flow (dams, reservoirs, culverts, low water crossings) 
RE:  Diadromous Fish 
 Scope:  High or Very High.  Vote – Very High. 
 Severity:  High 
 Irreversibility:  Medium – across all the scope with all identified, then Medium.  There is 
a lot to be done, but reversible. 
RE:  Resident Aquatic Species 
 Scope:  Very High 
 Severity:  Medium or High.  Not very adaptive.  Cape Fear Shiner within this scope and 
not very adaptive.  Still Medium.  
 Irreversibility:  Medium 
RE:  Headwater Streams (culverts, beaver dams, small dams) 
 Scope:  Very High - not on people’s radars as impacting beyond the immediate area. 
 Severity:  Very High 
 Irreversibility:  Would take 100 years or more because of how pervasive it is.  Therefore 
High. 
 
Non-point Source Pollution 
RE:  Diadromous Fish 
 Scope:  Very High 
 Severity:  Medium 
 Irreversibility:  High 
RE:  Resident Aquatic Species 
 Scope:  Very High 
 Severity:  Medium 
 Irreversibility:  High 
RE:  Headwater Streams 
 Scope:  Very High (pervasive) 
 Severity:   Very High or High…non-point destroys these headwater streams.  Very High. 
 Irreversibility:  Very High 
 
Point Source Pollution 
RE:  Diadromous Fish 
 Scope:  Low or Medium…Medium 
 Severity:  What are worst examples?  Ammonia…Medium or Low…Not a major 
reducer.  Ask Wilson about effects.  Low because there during high tides therefore dilution.  And 
because they are not there as long as the resident species. 
 Irreversibility:  High because difficult to remove/clean up. 
RE:  Resident Aquatic Species 
 Scope:  High 
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 Severity:  Example - Tap water spill just caused major eel kill due to chlorine. It becomes 
an obstruction.  Medium or High.  Medium. 
 Irreversibility:  High or Very High.  Very High. 
RE:  Headwater Streams 
 Scope:  Low – most of these h-streams are not going to get discharge. 
 Severity:   If there were one, then High.  With 7Q10’s not being very good… 
 Irreversibility:  High or Medium.  Regulatory community has recognized that we are not 
interested in 100% effluent.  But High since still a problem in VA. 
 
Altered Hydrology 
RE:  Diadromous Fish 
 Scope:  Big watersheds are majorly altered, but others are not.  Including ditching, 
culverts, etc.  Very High. 
 Severity:  Very High 
 Irreversibility:  Medium or High.  Withdrawls, ditching, big dams.  Many little pieces that 
you could tweak to deal with.  Can negotiate on licenses.  Can be reversed or altered – no cannot.  
Withdrawls cannot be stopped.  TNC has had success with negotiating flow laws.  High.  
Agreement that can be reversed but not in 6-20 years.  Complex to address on this scope.  At the 
medium end of high. 
RE:  Resident Aquatic Species 
 Scope:  High.  Why different from Diadromous fish?  They are keyed in on flow, but 
resident species not.  But, switch to Very High. 
 Severity:  Medium if consider that the species have adapted to altered flows.  High.  If 
include effect of climate change.  When the season is over and area is inundated again, there will 
be chronic reduction.  Very High for mussels.  High. 
 Irreversibility:  High 
RE:  Riparian Forested Habitat 
 Scope:  Very High 
 Severity:  High – not going to have appropriate community without the right inundation. 
 Irreversibility:  High – can be reversed, at the high end of high. 
RE:  Headwater Streams 
 Scope:  Very High 
 Severity:  Very High 
 Irreversibility:  Very High – due to magnitude of undertaking. 
 
Invasive/exotic Species 
RE:  Diadromous Fish 
 Scope:  Low or Medium Check with Wilson. 
 Severity:  Eels will be affected – or maybe they don’t know.  Low or Medium.  Low. 
 Irreversibility:  Very High.  Locally may be reversible, but not broad scale. 
RE:  Resident Aquatic Species 
 Scope:  Medium or High.  Corbicula (sp?) is everywhere, but we don’t know if it’s 
affecting the target.  Don’t have zebra mussel here, not in VA.  Think plants and animals – 
flathead catfish.  High. 
 Severity:  Medium 
 Irreversibility:  Very High. 
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Riparian Forest Habitat 
 Scope:  High or very high because of microstegium, privet, etc.  High. 
 Severity:  High or Very High.  High. 
 Irreversibility:  Very High. 
 
Inappropriate Channel Modification 
RE:  Diadromous Fish 
 Scope:  Medium 
 Severity:  Medium 
 Irreversibility:  High – will be difficult and take a long time. 
RE:  Resident Aquatic Species 
 Scope:  High or Very High.  High 
 Severity:  High 
 Irreversibility:  High 
RE:  Headwater Streams 
 Scope:  Very High 
 Severity:  Very High 
 Irreversibility:  High 
 
Loss of Riparian Habitat 
RE:  Diadromous Fish 
 Scope:  Not all species.  Depends on size and order of stream.  Medium 
 Severity:  Low to Medium.  Medium. 
 Irreversibility:  Medium – consider what it would take for riparian habitat to be restored.  
Easier than channel modification.  Can just let it go and restore functionality. 
RE:  Riparian Forest Habitat 
 Scope:  High to Very High.  High. 
 Severity:  Very High 
 Irreversibility:  High – can’t get back the state that we’d want.  20 years of regrowth will 
not be sufficient. 
RE:  Resident Aquatic Species 
 Scope:  High 
 Severity:  High 
 Irreversibility:  Medium 
RE:  Headwater Streams 
 Scope:  High to Very High.  Unlikely that there is a riparian forest there, but there are 
some.  Upper Neuse and Cape Fear would be High.  Tar, low.  Consider as it exists today, with 
clear cutting.  All Upper Cape Fear and Neuse – High.  Not just floodplain, but contribution 
zone.  High.  Can check landcover data to verify. 
 Severity:  High 
 Irreversibility:  Medium 
 
Overall Rankings:  Matches with expectations. 
 
Results Chains 
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Loss of Riparian Habitat 
Brainstorming: 
Buffer Regulations - Stick 
Incentives for Buffers – Carrot 
Land acquisition of critical lands 
BMPs – guidance/education sans incentives. 
Reduced conversion through incentives – easements on a broad scale, i.e. working forests 
Education 
 
Lumping: 
Riparian Buffers – protects to a degree, need BMPs, include incentives and regulations.  Would 
affect Forestry, Agriculture, Urbanization, and Industrialization. 
 
Rewording of actions: 
End result – Improved Riparian Habitat 
 
Create contiguous corridors – no fragmentation.   
Identify areas where buffers as a tool provide appropriate level of protection/service to the 
habitat.  Need forestry practices to require buffers large enough to meet the criteria needed by 
each stream size (maintain stream temperature, avoid sedimentation, provide woody debris 
inputs, provide food resource inputs, maintain bank stability, interactive floodplains).  Connect 
all SNHAs with riparian corridors.  Different sizes per different uses.  Need to provide planners 
with the information and provide incentives to decision makers to encourage action.  Encourage 
actions be tied to conservation plans.  Provide technical guidance to planners, county 
commissioners, and developers.  Approach grantors to have them include riparian buffer 
planning in their grant criteria. 
 
Identify areas where more than buffers are desired.  In some areas need to maintain high integrity 
forest community rather than buffers. 
 
Brainstorming on Overall Results Chains: 
Land Use Planning 
Riparian Buffers 
Critical Land Acquisition 
Restoration 
Education & Outreach 
 
Instream connectivity is improved: 
Develop GIS data to inform areas important to diadromous fish, resident aquatic species and 
density of impediments = importance of basin.  Impediments per catchment, density of 
impediments, and importance of basin to diadromous fish – important to all residents.  Data may 
already exist, but may not fully incorporate culverts and smaller dams or farm ponds. 
 
Assess impediments per catchment 
Prioritize Obstructions (TNC has done dams – Barrier Prioritization Tool, need done for 
culverts) 
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 Obstruction Removal – Education component, assess political/cultural ties. 
 Obstruction Modification – to provide passage, ladders, bridge, bypass channels. 
Education & Outreach 
 
Decrease Non-point Source Pollution: 
Buffers 
Agricultural BMPs – fencing livestock out of streams/riparian buffers.  BMPs exist. 
 
Remainder of Results Chain discussions captured by Louise in Miradi. 
 
Successes – good discussions. 
Need to Improve – afternoon breakout groups difficult. 
 
Workshop adjourned at 5:10 p.m. 
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Estuarine	  Systems	  Workshop	  1	  Agenda	  (Aug	  22	  –	  23,	  2012)	  
Welcome and thank you for joining us.  The purpose of this workshop is to elicit relevant 
information and expert knowledge to aide in the development of strategies and recommendations 
for the conservation of estuarine environments within the ENCSEVA geographic boundary.  Our 
specific goal for this workshop is to define the targets of conservation of estuarine environments 
and the threats that impact those targets.  
 
WEDNESDAY 

 9:00   Introductions 

 9:30   Workshops goals and description of the Open Standards for the Practice of Conservation 
framework 

10:30  Define scope & vision for estuarine environments within ENC SEVA eco-region 

Draft scope: Estuarine ecosystems within the ENCSEVA geography 
Draft vision: An estuarine ecosystem complex supporting highly productive areas for the 
benefit of species dependent on these habitats  

11:15  Define conservation targets and Key Ecological Attributes 

Conservation Targets: species, ecological communities, ecological system(s)/habitat(s), or 
ecological process(s) chosen to represent and encompass the full suite of biodiversity in the 
project area for place-based conservation or the focus of a thematic program. 
 
KEAs: an aspect of a target's biology or ecology that if present, defines a healthy target and if 
missing or altered, would lead to the outright loss or extreme degradation of that target over 
time.  

12:00  Lunch  

1:00   Continue with conservation targets and Key Ecological Attributes 

4:00   Define threats to conservation targets 
Threats: Impaired aspects of conservation targets that result directly or indirectly from human 
activities (e.g., low population size, reduced extent of forest system; reduced river flows; 
increased sedimentation; lowered groundwater table level). Generally equivalent to degraded 
key ecological attributes (e.g., habitat loss). 

5:00   Dismiss 

THURSDAY 

9:00   Review of previous day’s discussion and wrap up Key Ecological Attributes (KEAs) and 
indicators  

11:00 Goals and Key Ecological Attributes 
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Key Ecological Attribute (KEA): an aspect of a target’s biology or ecology that if present, 
defines a healthy target and if missing/altered, would lead to the loss or degradation of that 
target over time. KEAs often answer what is needed in order for the long term survival of the 
conservation target  

12:00 Lunch  

1:00   Define threats to conservation targets 
Threats: Impaired aspects of conservation targets that result directly or indirectly from human 
activities (e.g., low population size, reduced extent of forest system; reduced river flows; 
increased sedimentation; lowered groundwater table level). 

5:00   Dismiss 

Thank you for your participation in this workshop.  Over the course of the next few weeks I may 
contact you via email or phone to discuss point for added clarity or for additional information.  
This follow up is not expected to require additional research for workshop participants or require 
large expenditures of participant time. 
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Estuarine	  Systems	  Workshop	  2	  Agenda	  and	  Participants	  (Sept	  18	  –	  19,	  2012)	  
Welcome and thank you for joining us!  The purpose of this workshop is to confirm the accuracy 
and analysis of previous discussions as well as to elicit relevant information and expert 
knowledge to aide in the development of strategies and recommendations for the conservation of 
estuarine environments within the ENCSEVA geographic boundary.  Our specific goals for this 
workshop are to review key ecological attributes (KEAs), review threat relationships and rank 
threats, develop strategies and results chains.  
 

TUESDAY 

9:00 – Review conservation targets, KEAs, and indicators (see provided tables) 
KEAs refer to an aspect of a target's biology or ecology that if present, defines a healthy target 
and if missing or altered, would lead to the outright loss or extreme degradation of that target 
over time.  

Indicators are measurable entities related to a specific information need (for example, the 
status of a target, change in a threat, or progress towards an objective). A good indicator meets 
the criteria of being: measurable, precise, consistent, and sensitive.  

- Discuss indicators and complete indicator ratings  

11:30 - Review and causal relationships between indirect threats, direct threats, and 
conservation targets. 
A direct threat is an anthropogenic activity which directly degrades one or more conservation 
targets (shown in conceptual model as a pink square) 
An indirect threat is a driver or cause of one or more direct threats (shown in conceptual 
model as an orange square).  

12:00 – WORKING LUNCH 

12:30 - Rank direct threats within Miradi 

1:00 – Develop conservation target goals and potential objectives. 

Goals are linked to your project’s conservation targets and represent the desired status of the 
targets over the long-term – they are formal statements of the ultimate impacts you hope to 
achieve.  A good goal meets the criteria of being linked to targets, impact oriented, 
measurable, time limited, and specific. Goals help develop a clear idea of what is meant to be 
accomplished through actions. 
Objectives are formal statements of the desired outcome within a results chain – they 
represent milestones to determine if the implementation of strategies are achieving the desired 
results and hence moving towards achieving goals. 

  5:00 – Dismiss 

WEDNESDAY 

  9:00 – Introduce strategies and results chains  



F-49 
 

Strategies are broad courses of action designed to restore natural systems, reduce threats, 
and/or develop capacity. A strategy is typically used as an umbrella term to describe a set of 
specific conservation actions.  
A Results Chain is a sequence of linked factors in a diagram. A "Factor Chain" in a 
conceptual model shows the state of the world before you take action. A "Results Chain" 
shows the expected outcomes from the implementation of a strategy. Chains thus represent the 
assumptions you are making about your project site.  

10:00 – Develop Results Chains 

12:00 - LUNCH 

1:00 – Continue with Results Chains 
 
 2:30 - Prioritize strategies in terms of Potential Impact and Feasibility within Miradi.  

Potential Impact - If implemented, will the strategy lead to desired changes in the situation at 
your project site?  
Very High - The strategy is very likely to completely mitigate a threat or restore a target.  
High - The strategy is likely to help mitigate a threat or restore a target.  
Medium - The strategy could possibly help mitigate a threat or restore a target.  
Low - The strategy will probably not contribute to meaningful threat mitigation or target 
restoration.  
*Note that there are at least two dimensions being rolled up into this rating: probability of 
positive impact and magnitude of change.  

Feasibility - Would your project team be able to implement the strategy within likely time, 
financial, staffing, ethical, and other constraints?  
Very High - The strategy is ethically, technically AND financially feasible.  
High - The strategy is ethically and technically feasible, but may require some additional 
financial resources.  
Medium - The strategy is ethically feasible, but either technically OR financially difficult 
without substantial additional resources.  
Low -The strategy is not ethically, technically, OR financially feasible.  

5:00 – Dismiss 
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Estuarine	  Systems	  Workshop	  1	  Notes	  (Aug	  22	  –	  23,	  2012)	  
Estuarine Workshop 1 
Manteo, NC - August 22, 2012 
 
ENCSEVA Chair: 
Pete Campbell, NC FWS 
 
Facilitator:  
Louise B. Vaughn, NCSU 
 
Participants: 
Wilson Laney 
Anne Deaton, NC DMF 
Michelle, USGS 
Erin Fleckenstein, NCCF 
Dave Byrd, VA FWS 
Dean Carpenter, APNEP 
 
Introductions + Overview of ENCSEVA 

• Participants	  introduce	  themselves	  
• Pete	  provides	  history,	  hierarchy,	  overview	  and	  mission	  of	  ENCSEVA	  

 
Workshop overview 

• Louise	  reviews	  goals	  of	  workshop,	  her	  role,	  brief	  review	  of	  ENCSEVA,	  SHC,	  Open	  Standards,	  
Miradi,	  etc	  

• Specifically	  reviews	  examples	  from	  previous	  wetlands	  and	  riverine	  planning	  
• Highlights	  agenda/plan	  for	  estuarine	  workshop	  

 
Relevant current/ongoing work in ENCSEVA estuaries area 
 
Dean (APNEP) 

• 10	  year	  conservation	  management	  plan	  just	  completed	  
o Defines:	  what	  is	  a	  healthy	  estuarine	  system?	  
o What	  are	  the	  biggest	  threats?	  
o What	  actions	  are	  we	  willing	  to	  take	  (10	  year	  scope,	  so	  general)?	  
o Next:	  specialized	  implementation	  teams	  to	  outline	  specific	  steps	  (i.e.	  integrated	  

monitoring,	  stormwater,	  etc)	  
o As	  actions	  rolled	  out,	  2-‐3	  year	  adaptive	  cycle	  

! Indicators	  of	  progress	  on	  biological	  outcomes	  	  
! AND	  partner	  progress	  (lesson	  from	  Chesapeake	  Bay	  BMP	  audit)	  

 
Wilson  

• ASFMC	  habitat	  management	  plans	  beginning	  to	  investigate	  on	  the	  groundwork	  
• FMCs	  –	  Identified	  essential	  fish	  habitat	  (EFH)	  for	  managed	  species	  that	  includes	  estuaries	  

o Some	  species	  jointly	  managed	  between	  states	  and	  feds	  because	  of	  estuary	  overlap	  
• NC	  WRC	  –	  identifying	  species	  of	  concern	  and	  starting	  to	  turn	  towards	  socioeconomic	  

perspective	  in	  comparison	  to	  traditional	  biological	  
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• NC	  counties	  –	  Wake,	  Johnston,	  Currituck	  county	  have	  open	  space	  management	  plans;	  who	  
else?	  

• NC	  Estuarine	  Research	  Reserve	  –	  5	  year	  plans	  
• TNC	  marine	  eco-‐regional	  assessments	  

o Richmond	  and	  Charleston	  offices,	  looking	  to	  cover	  mid-‐atlantic	  through	  southeast	  
o Connections	  between	  marine	  and	  estuaries	  

 
Anne 

• CHPP	  –	  organized	  by	  6	  habitat	  types	  (i.e.	  water	  column,	  etc),	  managed	  by	  DENR;	  fits	  
together	  with	  WRC	  WAPs	  

• Strategic	  Habitat	  Plans	  –	  4	  watershed	  regions	  
• South	  Atlantic	  Alliance	  –	  overlaps	  with	  SALCC;	  Anne	  in	  Healthy	  Habitat	  group	  and	  focusing	  

on	  mapping	  
o Emphasis	  on	  federal	  species	  between	  FL	  and	  NC	  but	  governor	  supported	  
o Equivalent	  group	  in	  mid-‐atlantic	  (Wilson)	  

• NOAA	  Cape	  Fear	  River	  Watershed	  Study	  –	  fast	  track	  study	  with	  funding	  
• Onslow	  Bight?	  

 
Michelle  

• USGS	  Monitoring	  Portal	  for	  Albemarle	  –	  partnering	  with	  South	  Atlantic	  Governor’s	  
Commission	  

• Coastal	  Ocean	  Observation	  System	  (COOS)	  –	  NOAA	  led	  planning	  initiative	  
o Wilson	  –	  Bob	  Van	  Dolan	  loves	  the	  OOS	  stuff	  

• NOAA	  estuary	  report	  coming	  out	  this	  year	  
o Baseline	  info	  for	  the	  states	  on	  status	  of	  estuaries	  

• Loading	  of	  N	  and	  P	  into	  estuaries	  
o For	  Albemarle	  results	  suggests	  40%	  of	  loading	  coming	  from	  atmosphere	  

• Division	  of	  Water	  Quality	  –	  Basin	  Management	  Plans	  
o Synthesis	  of	  all	  data	  relating	  to	  each	  basin	  

• SAV	  planning	  committee	  –	  John	  Gallegos	  
 
Erin  

• Oyster	  management	  overview,	  especially	  for	  Pamlico	  
• Erin	  –	  Currituck	  Sound	  water	  quality	  study	  being	  done	  by	  ACE	  
• Erin	  –	  NCCF	  focus	  on	  priority	  watersheds	  
• Erin	  –	  TNC	  CAP	  for	  NC	  estuaries	  and	  sounds	  

 
Dave 

• VA	  DGIF	  climate	  change	  vulnerability	  assessments	  
• Follow	  up	  with	  John	  at	  Back	  Bay	  and	  Don	  at	  Great	  Dismal	  
• Great	  Dismal	  hydrology	  plan	  	  

 
Define scope 
Draft scope: 
Estuaries within the ENCSEVA landscape 
 
Wilson: we need a map where the estuary boundaries are (CHPP),  
Anne: anything with salinity even oligohaline (0 – 0.5) 
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Louise: dynamic boundary (?) – there is seasonal and episodic change (hurricances, etc) 

• Dave,	  Wilson,	  Dean	  and	  Anne	  agree	  that	  it	  should	  be	  the	  upper	  limit	  of	  salt	  water	  influence	  
(occurs	  during	  driest	  period)	  

• Wilson	  and	  Anne	  say	  it	  stops	  at	  inlets	  and	  Dean	  and	  Dave	  agree	  
• Navigation	  line,	  colregs	  line	  
• Dean	  thinks	  we	  can	  have	  a	  static	  geographic	  boundary	  and	  Wilson	  seems	  to	  agree	  
• Wilson	  says	  scope	  is	  ok	  as	  is	  but	  wants	  a	  map	  to	  illustrate	  spatial	  extent	  and	  wants	  to	  

include	  qualifiers	  for	  dynamic	  nature	  of	  estuaries	  
o Louise	  says	  we	  can	  include	  this	  in	  Miradi	  details	  –	  follow-‐up	  with	  Wilson	  and	  Anne	  

for	  details	  and	  names	  
o Wilson	  wants	  to	  include	  actual	  names	  of	  estuaries	  in	  ENCSEVA	  region	  

 
Vision Statement 
Draft vision: 
An estuarine ecosystem complex supporting highly productive areas for the benefit of species 
dependent on these habitats 
 
Michelle points out that “productive” can be construed as eutrophication so we should use a 
different word 
 
Dean asks, should we include recreational utility? 

• Louise	  says	  this	  is	  ok,	  depends	  on	  what	  your	  vision	  of	  success	  is	  
 
Anne talks about “diversity” and “sustainable” and “resilient” habitats 
 
Water fowl, fish, oysters, submerged? 
 
Anne’s draft (with help from Michelle and Erin) 
Sustainable and resilient estuarine habitats that support healthy aquatic life/flora and 
fauna/estuarine-dependent, bird, plant, and human communities 
 
Erin and Dave want to include “diversity” 
Wilson wants to include “dynamic” 
 
Sam’s take: 
Sustainable and resilient habitats that support viable estuarine-dependent flora, fauna, and 
human communities. 
 
Conservation Targets 
Draft targets: 
SAV and oyster beds 
Marshes (salt marsh, brackish marsh, tidal freshwater marsh) 
Sound/estuary/water column; and beach (estuary-side) 
 
Draft species targets: 
Sea ducks/diving ducks/loons 
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Estuarine dependent fish/crustaceans 
 
Separate SAV and oyster beds 
Separate benthic/tidal flats from water column 
 
Wilson suggest flood-tide deltas are important for fish and bird populations 
Anne suggests inlet systems as a target 

• Critical	  gateway	  to	  estuary	  
• Without	  inlet	  you	  don’t	  have	  flood-‐tide	  deltas	  

 
Michelle recommends nursery areas and phytoplankton (bottom of food chain) 
 
Wilson likes a more generic term like “water fowl” and distinction between “wading” and 
“nesting” 
 
Wilson likes estuarine-dependent fish/crustaceans 
 
Anne notes that based on our defined scope, forested wetlands should be included 

• Also	  throws	  out,	  wetland	  edge	  
 
Tidal freshwater is only Cape Fear in south and a few in VA in the north 
 
Michelle brings up, shoreline – study from NC DCM that includes GIS shapefiles, includes 
marsh, forested, and anthropogenic modifications like hardened shorelines 
 
Dave suggests that if we’re dealing with educated/academic audience then we should refer to 
marsh targets as oligo- poly- and mesohaline marshes 

• Louise	  points	  out	  that	  we	  can	  save	  detailed	  language	  for	  definition	  
 
Lunch Break 
 
Adopt CHPP habitats? 

• Water	  column	  
• Estuarine	  wetlands	  
• Soft-‐bottom	  
• Shell-‐bottom	  
• SAV	  

 
Wetland discussion 

• After	  reviewing	  the	  wetlands	  targets	  and	  much	  discussion	  about	  which	  types	  of	  wetlands	  to	  
group	  together	  the	  group	  agrees	  on	  “estuarine	  wetlands”	  

 
Soft-bottom discussion 

• Louise:	  does	  soft-‐bottom	  deserve	  management	  attention	  
• Anne:	  shallow	  soft-‐bottom	  does,	  supports	  juvenile	  fish	  
• Michelle	  points	  out	  that	  nutrients	  and	  other	  things	  accumulate	  on	  soft-‐bottom	  
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Estuarine-dependent fish & crustaceans 
• Erin	  suggests	  including	  waterfowl	  in	  this	  group	  
• Wilson	  asks	  if	  we	  can	  make	  this	  “estuarine-‐dependent	  species”	  
• Louise	  and	  others	  wonder	  if	  this	  is	  too	  broad	  

 
After lunch discussion we have the following potential targets: 

• SAV	  
• Shell-‐bottom	  
• Soft-‐bottom	  
• Estuarine	  water	  column	  
• Inlet	  systems	  
• Designated	  nursery	  areas	  (potential	  as	  nested	  target/KEA)	  
• Estuarine-‐dependent	  fish/crustacean/species	  
• Estuarine	  wetlands	  
• Shoreline	  edge	  

 
Why is soft-bottom important/worthy of being a target? 

• Benthic	  community	  as	  prey	  for	  bottom	  of	  the	  community	  
• Nutrient	  cycling	  
• Accumulation	  of	  contaminants	  (threat)	  
• Low	  DO	  (threat)	  
• Important	  for	  flat	  fishes,	  skates	  and	  rays	  
• Supports	  SAV	  and	  wetlands	  

 
Combine inlets and shoreline edge? 

• Both	  play	  connectivity	  roles	  
o Inlet	  connects	  estuary	  to	  source	  of	  salinity	  
o Shoreline	  connects	  estuary	  to	  upland	  and	  wetlands	  

• Wilson	  points	  out	  importance	  of	  inlets	  and	  shorelines	  in	  that	  they	  provide	  access	  to	  estuary,	  
reproduction,	  nutrient	  cycling,	  transport,	  etc	  

• Dean	  is	  unconvinced	  that	  either	  of	  these	  should	  be	  a	  conservation	  target	  
o Wilson	  narrows	  in	  on	  shoreline	  modification	  and	  stabilized	  inlets	  
o Wilson	  suggests	  a	  “natural”	  inlet	  and	  shorelines	  target	  

• Group	  settles	  on	  punting	  inlets	  to	  barrier	  island	  group	  
 
What to do with estuarine shorelines 

• Group	  decides	  that	  “natural	  estuarine	  shorelines”	  is	  a	  good	  target	  
• Shorelines	  should	  be	  defined	  as	  areas	  of	  transition	  from	  estuarine	  to	  upland	  habitats	  
• Fringing	  estuarine	  wetlands	  are	  part	  of	  shorelines	  but	  would	  not	  include	  estuarine	  wetland	  

areas	  like	  Cedar	  Island	  (Anne)	  
• Leave	  “Estuarine	  wetlands”	  as	  separate	  target	  for	  now	  

 
Discussion about estuarine-dependent fish/species/crustaceans 

• Narrow	  in	  on	  managed	  species	  (Diadromous	  fish,	  waterfowl,	  blue	  crab,	  etc)	  
• Or,	  endangered/vulnerable/rare	  
• Marine	  mammals	  (dolphins,	  manatees)	  
• Colonial	  nesting,	  wading,	  seabirds	  
• River	  herring	  –	  migratory	  pathways	  



F-55 
 

• Penaeid	  shrimp	  
 
Final target group: 

1. SAV	  
2. Shell-‐bottom	  

a. Oysters	  
3. Soft-‐bottom	  
4. Water	  column	  
5. Natural	  shorelines	  
6. Estuarine	  wetlands	  
7. Estuarine	  dependent	  species	  

 
Target Definitions 
 
Use CHPP definitions 

• SAV:	  Fish	  habitat	  dominated	  by	  one	  or	  more	  native	  species	  of	  underwater	  vascular	  plants	  …	  
• Shell-‐bottom	  –	  Oysters	  as	  nested	  target	  and	  indicator	  
• Soft-‐bottom	  –	  CHPP	  excluding	  “freshwater”	  
• Water	  column:	  physical,	  biological,	  chemical	  …	  
• Estuarine	  wetlands	  

o Includes	  salt	  and	  brackish	  marshes,	  forested,	  scrub/shrub	  wetlands	  
o Mapped	  by	  CHPP	  
o 0.5	  to	  35	  ppt	  salinity	  

 
Natural estuarine shorelines 

• Unaltered	  transition/edge	  interface	  between	  upland	  and	  aquatic	  habitats	  (water	  column	  or	  
estuarine	  wetlands),	  	  

• Dynamic,	  tidally-‐influenced,	  	  
• Mean	  high	  water	  line	  buffer,	  
• Areas	  of	  environmental	  concern	  that	  provide	  access,	  reproduction,	  nutrient	  cycling	  

 
Estuarine-dependent species 

• Requires	  habitat	  for	  any	  part	  of	  life	  cycle	  
• Louise	  to	  perform	  research	  on	  how	  others	  have	  treated	  species	  conservation	  in	  estuaries	  

for	  guidance	  because	  group	  is	  uneasy	  about	  this	  one	  
 
Key Ecological Attributes 
SAV  
(Pete to follow-up with Judd K. & Mark F.) 

• Water	  clarity,	  water	  depth	  "	  light	  penetration	  
• Light	  penetration	  

o Depends	  on	  clarity	  and	  depth	  
o Measured	  with	  Secchi	  disk	  

• Spatial	  extent	  of	  vegetation	  
o Distribution	  –	  small	  patches	  vs.	  edge	  vs.	  large	  patches	  

! All	  located	  behind	  	  
o More	  of	  potential	  habitat	  is	  better	  

! For	  example,	  100%	  of	  historical	  SAV,	  >	  70%,	  >	  50%,	  etc	  
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• Nutrient	  budget	  
o Too	  little	  vs.	  too	  much	  

! Typically	  overloaded	  and	  algae	  bloom	  impacts	  light	  availability	  
o Absorb	  nutrients,	  release	  oxygen	  

• Wave	  energy	  
o Speed	  of	  current	  

• Sediment	  substrate	  (threat)	  
o Particles	  can’t	  bee	  too	  fine	  (mud,	  silt,	  clay)	  or	  anoxic	  
o Depositional	  environment	  is	  limiting	  factor	  

 
Shell-bottom 

• Available	  shell	  for	  recruitment	  
• Oxygen	  (threat)	  
• Salinity	  
• Current/circulation	  

o Slow	  enough	  to	  settle	  
o But	  not	  stagnant	  
o Dave	  Eggleston	  +	  Brandon	  Puckett,	  study	  on	  larval	  recruitment	  

• Limited	  sedimentation	  (threat)	  
• Distribution	  and	  extent	  (indicator)	  

o Amount	  recruited	  vs.	  harvested	  
o Meta-‐populations	  distributed	  evenly	  
o Height	  	  

• Structure	  (age	  diversity)	  
o 3-‐D	  area	  –	  small	  and	  large	  oysters	  
o Total	  surface	  area	  

• Refugia	  and	  habitat	  available	  
 
Soft-bottom?  Or shallow soft-bottom (< 6ft.) vs. benthos? 

• Shallow	  soft-‐bottom	  important	  for	  fish	  travel	  and	  foraging	  
• But	  foraging	  occurs	  in	  the	  benthos	  region	  
• Primary	  production	  of	  macro	  algae	  
• But	  no	  benthic	  index	  exists	  for	  estuarine	  system	  
• Toss	  out	  completely?	  

 
Water column 

• CWA,	  DWQ	  parameters	  
• Salinity,	  a	  gradient	  that	  supports	  established	  habitats	  
• Dissolved	  Oxygen,	  >	  5	  ppt	  

o Size	  and	  extent	  of	  hypoxic	  dead	  zones	  (indicator)	  
• Water	  quality	  free	  of	  impairment	  

o Fecal	  coliform	  
o Nutrients	  

• Temperature	  
• Amount	  of	  poor	  habitat	  rankings	  for	  other	  targets	  
• Prey	  density	  (plankton)	  
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Natural shorelines/shore zones (influenced by waves) 
• Connectivity	  (landscape	  context)	  

o To	  uplands	  
o %	  of	  natural	  buffer	  
o continuous	  length	  

• Vegetation	  
• Slope	  

o Affects	  width	  of	  shoreline	  with	  respect	  to	  mean	  high	  water	  
• Total	  length	  of	  natural	  shore	  zone	  
• Width	  of	  natural	  shore	  zone	  

o Width	  to	  developed	  land	  
! The	  wider	  the	  better	  
! Chesapeake	  Bay	  1000	  ft	  buffer	  

 
Estuarine wetlands 

• Total	  size	  (condition)	  
o The	  more	  the	  better	  

• Buffer	  to	  developed	  land	  (connectivity)	  
• Contiguous	  wetlands	  (connectivity)	  
• Species	  composition	  

o Phragmites	  invasion	  
• Biotic	  interaction	  (peconic	  example)	  

o What	  communities	  are	  important	  in	  NC?	  Peconic	  uses	  mussels	  and	  fiddler	  crabs	  as	  
indicators.	  

• Roll	  estuarine	  wetlands	  into	  natural	  shore	  zones?	  
 
Final discussion 
 
Michelle suggests including estuarine dependent species as KEA or indicator with other 
conservation targets that are primarily habitats. 
 
Wilson comments that the public often thinks about the species that use the estuary – birds, fish, 
shellfish – so that merits these as a target even though they are transitory. 

• However,	  those	  species	  are	  there	  because	  of	  available	  habitat	  
• Estuary	  diversity	  index?	  	  ELMR	  program	  may	  have	  developed	  something	  like	  this	  

 
Estuarine Workshop 1 
Manteo, NC - August 23, 2012 
 
ENCSEVA Chair: 
Pete Campbell, NC FWS 
 
Facilitator:  
Louise B. Vaughn, NCSU 
 
Participants: 
Wilson Laney 
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Michelle Moorman, USGS 
Dave Byrd, VA FWS 
Dean Carpenter, APNEP 
 
Introduction 
Louise reviews day one and introduces threat building. 
 
Reviewing conservation targets 
 
Discussion about whether or not to include soft-bottom: 

• This	  habitat	  can	  be	  good	  or	  bad,	  but	  regardless	  it’s	  always	  present	  
• Benthos	  as	  a	  smaller	  subset?	  

o Shellfish	  sanitation	  mapping	  
o Duke	  Marie	  Lab	  monitoring?	  
o TNC	  Richmand	  office	  and	  Jay	  Odell	  
o Can	  benthic	  community	  be	  monitored?	  

! Pete:	  it’s	  ok	  to	  emphasize	  a	  system	  that	  lacks	  data	  –	  makes	  it	  a	  priority	  in	  the	  
future	  

• Benthic	  resources	  influence	  estuarine-‐dependent	  species	  
o Important	  source	  at	  the	  lower	  end	  of	  the	  food	  chain	  –	  fish	  food	  
o Direct	  human	  use?	  

• Important	  “community”	  that	  filters	  water	  and	  contributes	  to	  other	  communities	  as	  a	  food	  
source	  

o Blue	  crab,	  spot,	  croaker,	  skates,	  rays,	  etc	  
• Soft-‐bottom	  removed	  but	  benthic	  community	  is	  of	  interest	  

 
Is water column more of an indicator than a target? 

• After	  reviewing	  the	  specific	  definition	  of	  “conservation	  target”	  it’s	  not	  a	  species,	  community	  
or	  ecological	  system	  

• Remove	  water	  column	  as	  target	  –	  indicator	  instead	  
 
Focus on certain estuarine-dependent species? 

• APNEP	  plan	  
o Sea	  turtles	  
o Blue	  crab	  
o Eastern	  oyster	  
o Bottlenose	  dolphin	  

• Phytoplankton	  and	  benthos	  –	  indicator	  of	  stress/threats	  
o Phytoplankton	  can	  be	  pelagic	  

• Estuarine	  index?	  
• Wilson:	  let’s	  choose	  a	  few	  species	  that	  are	  representative	  of	  the	  “full	  array	  of	  biodiversity	  

found	  in	  project	  area”	  and	  be	  done	  with	  it	  
o What	  species	  inform	  us	  about	  benthic	  communities?	  	  	  
o Or	  are	  worthy	  of	  conservation?	  

 
Specific estuarine-dependent species 

• Atlantic	  sturgeon	  (juvenile	  to	  adolescent	  stage)	  
o Endangered	  –	  somewhat	  controversial,	  listed	  by	  NMFS	  but	  states	  disagree	  
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o Spends	  first	  4	  to	  6	  years	  of	  life	  in	  estuary	  
o Benthic	  feeder	  –	  indicator	  of	  benthic	  health	  
o Highly	  resilient?	  

! Is	  shortnose	  sturgeon	  –	  which	  is	  more	  fragile	  –	  a	  better	  target?	  
o Threats	  to	  sturgeon	  

! Spawning	  areas	  dredged	  in	  VA	  
! Contamination	  of	  water	  interfering	  with	  reproductive	  cycle	  

• Shrimp	  
o Spawn	  offshore	  
o Larvae	  (<	  1	  cm)	  come	  into	  estuary	  starting	  in	  later	  winter	  through	  summer	  

! Tolerances	  to	  salinity	  determine	  position	  in	  estuary	  
o Commercial	  interest	  

• Blue	  crab	  
o Resides	  near	  shore	  and	  around	  inlets	  
o Commercial	  interest	  

• Gobies	  
o Small	  finfish,	  benthic	  estuarine	  residents	  
o Shell-‐bottom	  and	  marsh	  indicators	  
o Indicator	  of	  estuarine	  health	  

• Hogchokers	  	  
o Benthic	  feeder	  
o Independent	  of	  fishing	  threat	  
o Indicator	  of	  estuarine	  health	  

• Sea	  turtles	  
o Juveniles	  are	  concern	  in	  Pamlico,	  not	  so	  much	  in	  Cape	  Fear	  

• Soft-‐bottom	  benthic	  community	  as	  target?	  
o Important	  part	  of	  NC	  estuary	  food	  web	  
o Species	  are	  indicators	  

 
More brainstorming surrounding benthic community and estuarine dependent species 

• Nested	  targets	  
o Atlantic	  Sturgeon	  
o Blue	  crab	  

• A	  lot	  of	  interdependence	  between	  habitats	  (SAV,	  shell	  bottom,	  wetlands)	  and	  estuarine-‐
dependent	  species	  

• Louise	  reviewed	  Diadromous	  fish	  conservation	  target	  in	  riverine	  group	  and	  it	  does	  not	  
include	  actual	  fish	  populations	  (and	  therefore	  marine	  bycatch).	  	  Instead	  it	  focuses	  on	  
riverine	  habitat	  –	  spawning	  areas.	  

 
Threat building 
 

1. Hypoxia	  (and	  anoxia)	  ⎯	  low	  DO	  
a. Nutrient	  enrichment	  >	  phytoplankton	  bloom	  >	  respiration	  by	  decomposers	  

i. More	  likely	  in	  summer	  –	  cold	  water	  can	  hold	  more	  DO	  
b. Dead	  zones	  (episodic	  anoxia)	  

i. Cape	  Fear,	  Futch	  Creek,	  Hewlett’s	  Creek,	  Pamlico	  Sound	  
ii. Seasonal	  but	  annually	  episodic	  –	  relatively	  abundant	  and	  frequent	  

c. From	  non-‐point	  sources	  
i. Septic	  systems	  
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ii. Stormwater	  runoff	  
1. Lack	  of	  vegetated	  buffer	  
2. Need	  for	  BMPs	  
3. Increase	  in	  upland	  impervious	  area	  

d. Point	  source	  
i. Marinas	  –	  improper	  boat	  discharges	  
ii. Municipal	  treatment	  plants	  

e. Water	  fowl	  impoundments	  
i. Drained	  after	  water	  fowl	  use	  –	  nutrient	  pulse	  
ii. Pea	  Island	  (NC),	  Back	  Bay	  (VA)	  

f. Aquqaculture	  impoundments?	  
2. Contaminants	  

a. Heavy	  metals	  
b. Algal	  toxins	  
c. Organic	  compounds	  

i. PCBs	  
ii. Pesticides	  

d. Emerging	  contaminants	  
i. Antibiotics	  
ii. PCP	  (personal	  care	  and	  pharmaceutical	  products)	  

e. Pyrethroids	  (insecticides)	  
i. Persistence	  in	  system?	  
ii. Indirect	  impact	  on	  other	  organisms	  

3. Habitat	  loss	  
a. SAV	  
b. Shoreline	  hardening/development	  

4. Agricultural	  impacts	  
a. Toxic	  runoff	  from	  CAFOs	  

5. Ditching,	  draining,	  channelization	  
a. Poccosin	  mercury	  release	  
b. Altered	  hydrology,	  salinity	  imbalance,	  freshwater	  inputs	  
c. Agricultural	  channels	  discharge	  nutrients	  

6. Overfishing	  
a. Crabs	  
b. Atlantic	  croker	  -‐-‐	  concern	  
c. Shrimp	  
d. American	  eel	  –	  depleted	  
e. Gag	  grouper	  
f. Southern	  flounder	  
g. Spotted	  sea	  trout	  

7. Poaching	  
a. All	  species	  

8. Bycatch	  
a. May	  help	  blue	  crab	  

9. Invasives	  
a. Hydrilla	  
b. Asian	  tiger	  prawns	  
c. Nutria	  
d. Phragmites	  
e. Alligator	  weed	  
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f. Blue	  catfish	  
g. Algal	  toxins	  

10. Ghost	  fishing	  with	  derelict	  crab	  pots	  
a. Diamond	  back	  terrapins	  

11. Trawling	  
12. Filling/clearing	  of	  land	  for	  residential	  development	  or	  agriculture	  

a. Lose	  buffer	  
b. Lose	  wetland	  habitat	  	  

13. Atmospheric	  deposition	  
a. Nitrates	  

i. CAFOs	  in	  Neuse	  has	  significant	  impact	  
ii. Short	  residence	  time	  though	  

b. Contaminants	  
14. Military	  targets	  

a. Operations	  unknown	  
b. Some	  argue	  they	  function	  as	  de	  facto	  protected	  areas	  

15. Port	  impacts	  
a. Oil	  spills	  
b. Invasives	  in	  ballast	  water	  

16. Point	  source	  concerns	  
a. Mining	  discharge	  
b. Major	  NPDES	  permits	  

17. Marine	  debris	  –	  plastic	  	  
18. Prohibited	  shellfish	  harvest	  –	  water	  pollution	  
19. Dredging	  channels	  

a. Disturbs	  sturgeon	  spawning	  areas	  in	  VA	  
20. Native	  pests	  

a. Raccoons,	  etc	  
 
 
Recap of Conservation Targets 
 

1. SAV	  
2. Shell	  bottom	  

a. Oysters	  
3. Natural	  Shore	  zones	  

a. Includes	  intertidal,	  tidal	  and	  mud	  flats	  
b. To	  upland	  area	  with	  boundary	  at	  upper	  area	  of	  water	  influenced	  vegetation	  

4. Estuarine	  vegetated	  wetlands	  
a. Salt	  &	  brackish	  marsh	  
b. Forested	  scrub/shrub	  

5. Estuarine-‐dependent	  species	  
a. Diamond-‐back	  terrapins	  (reptilian	  T&E)	  
b. Atlantic	  sturgeon	  (Diadromous	  fish)	  
c. Blue	  crabs	  (benthic)	  
d. Oysters	  (mollusks,	  benthic)	  
e. Water	  birds	  

6. Foraging	  and	  nesting	  habitat	  for	  water	  birds	  
a. Herons	  
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b. Egrets	  
c. Ibis	  
d. Rails	  (Wilson	  wants	  to	  remove	  bc	  it’s	  a	  wading	  bird,	  not	  nesting)	  
e. Osprey	  

 
Conservation target regroup 
 
Louise wants to make nesting and foraging habitat for water birds as a conservation target, 
Michelle fell in line and Wilson begrudgingly agreed 

• Some	  targets	  –	  natural	  shore	  zones	  and	  estuarine	  wetlands	  –	  already	  include	  nesting	  
habitats	  

• Add	  remaining	  nesting	  habitats	  as	  a	  target	  (i.e.	  dredge	  spoil	  islands)?	  
o Dean	  is	  not	  a	  fan	  of	  this	  idea,	  likes	  water	  birds	  as	  nested	  target	  instead	  

• This	  idea	  was	  effectively	  shot	  down	  –	  let’s	  consult	  David	  Allen	  and	  John	  Stanton	  (Wilson)	  
 
 
Remaining targets 

1. SAV	  
2. Shell	  Bottom	  

a. Oysters	  
3. Natural	  Shore	  Zones	  
4. Estuarine	  Wetlands	  
5. Estuarine	  Dependent	  Species	  

a. Diamondback	  Terrapin	  
b. Blue	  Crab	  
c. Oysters	  
d. Water	  Birds	  
e. Atlantic	  Sturgeon	  (juvenile)	  
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Estuarine	  Systems	  Workshop	  2	  Notes	  (Sept	  18	  –	  19,	  2012)	  
Estuarine Workshop II Notes 
September 18-19, 2012 
 
Attendees:  Louise Alexander, Michelle Moorman, Dave Byrd, Kevin Hart (Day 1), Erin 
Fleckenstein (Day 2), Dean Carpenter, Wilson Laney, Kathryn Owens, Pete Campbell. 
 
Recap and Plans for the day:  Defined team, scope, vision, targets.  Plan to:  Review KEAs & 
Attributes, Review critical threats, Rank threats, Develop Goals, Strategies, Objectives. 
 
Scope:  Estuarine Systems w/in the ENCSEVA ecoregion.   
 
State of Success:  Vision 
Step down from overall vision, i.e. sustainable and resilient, commercial/recreational uses, for 
the benefit of future generations.   Can list broad ENCSEVA ecosystem assumptions/definitions 
and focus on each environment in each vision statement.  Definitions may vary by environment.  
Estuarine specifically – “compatible w/human recreational and commercial activities” because 
they are such a defining feature of NC & have been significant factor in commercial & 
recreational enterprises (boating, etc.), so may be appropriate to keep in (and Barrier Islands?).  
And because so much pressure on recreation and commercial use, gives more leverage for 
compatible uses/environmental concerns.  Louise will follow up via email with results. 
 
Conservation Targets: 
SAV – submerged aquatic vegetation associated with estuarine habitats that are rooted in 
sediment (CHPP definition).  Include “native?  Hydrilla present throughout with debate on 
whether beneficial or detrimental. 
Shell Bottom w/nested target of Oysters – Discussion on diversity of shell bottoms and 
whether to include other than oyster focus.  Most of restoration activities are with oysters.  
Estuarine intertidal or subtidal bottom composed of surface shell concentrations of living or dead 
oysters, hard clams, and other shellfish.  
Estuarine wetlands – wetlands found along the margins of estuaries and sounds which include 
salt and brackish marshes, estuarine forested wetlands, and estuarine shrub/scrub wetlands.  
Include adjacent to and within the sounds i.e. Cedar islands.  Remove estuarine because 
assumed in title. 
Natural shorelines – unaltered transition/edge interfaces between upland and aquatic habitats.  
These are dynamic, tidally influenced areas including intertidal/tidal zones and mud flats and 
provide access for reproduction and nutrient cycling. 
Estuarine dependent species w/nested Juvenile Atlantic sturgeon, water birds, blue crabs, 
Diamond-back terrapin – a selection of species rep of the full array of biodiversity found in the 
project area.  Specifically we include Atlantic sturgeon (juvenile to adolescent stage), Diamond-
back terrapins (reptilian T&E), Blue crabs (benthic, all life stages), and water birds (juvenile and 
adult). 
 
Key Ecological Attributes & Indicators 
Categorized by Size, Condition, or Landscape Context.   
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Carryover KEAs and Indicators from last workshop and Louise’s resource review.  Breakout 
groups review and develop state of success, indicators, and ratings (identify potential resources) 
for each. 
 
KEAs for SAVs: 
 
Light Penetration – sufficient duration and quality of light to allow robust growth of SAV in all 
available habitat.  Does this need a % of time that it is needed to exist?  “Sufficient” captures 
time consideration. 
Indicator – Secchi disk and Turbidity.  Photosynthetically Active Radiation (PAR) additional 
indicator (would be best) – and/or light attenuation.  Bio-optical model for amount of light 
(Michelle M/Dean C) to measure turbidity, chlorophyll A and sedum (?) quality and duration.  
Drawback is expensive and not as many people using.  Still use secchi because more data 
available and tools more affordable.  Turbidity data is soon to be gathered at Mattamuskeet, thus 
feasible but not commonly used/available.  PAR preferable. 
Ratings Secchi:  Hoping to develop relationship between light attenuation and secchi depth.  But 
site specific.  Blackwater vs brownwater systems would be different.  Talk to USGS folks (Hans 
Perle? – Wilson) for more information.  0.3 – 1.35m this summer in Albemarle.  Depth of SAV 
relation could be determined by NCState folks (Wilson).  SAV serves as indicator that integrates 
all the factors, so need to take measurements where SAV present.  PAR = 22% surface 
minimum.  Louise will do follow up research. 
 
Spatial Extent of vegetation – want some coverage (would be ideal to know historic coverage) 
and to maximize coverage.  APNEP SAV maps being done now.  Have Seacocks (Wilson/Dean) 
Study for Albemarle/Back Bay 2007 information.  Dr. John Kenwood (Dean) – start with 
potential SAV habitat, know depth and type of sediment you’ll know potential habitat.  Difficult 
to know early 1900’s status.  State of success – Jud Kenworthy, Gordon Thayer, Mike Fonseca 
(Wilson) for historic literature – John White or Sir Walter Riley.  Historic condition used for 
baseline – since don’t have current status.   
 
Desired state is typically more.  Very good = signs of accretion.  Poor = signs of decreasing.  
Annual variances.  State SAV Plan has requirements by season for light, suspended solids, etc.  
Michelle will send to Louise.  Is there an acceptable range?  Fluctuates broadly annually and by 
season/species.  Talking about variability at several scales – annual and longer term (hydrilla 
expanding coverage through time) which will be mediated by climate change.  Sentinel sites = 
sample sites regularly surveyed.  APNEP doing aerially remote sensing (annual) and boat-based 
surveys (every 5 years on rotational basis).  Scallop is highly dependent on SAV, but many other 
variables.  Norman Myers cow nose rays example.  Have not tracked species that are dependent 
on SAV.  Epifauna is only available information.  Some species will switch focus when SAV not 
available, i.e. red drum.  Jay O’dell and Bob Orth (Wilson) have a lot of background with SAV 
dynamics.   
 
Wave Energy – How does this affect SAV – existing and potential?  This is a consideration for 
SAV restoration sites.  APNEP has criteria including low fetch, protected areas, nutrient loading, 
light penetration, wave action.  Very expensive to restore.  No need to monitor wave energy for 
existing SAV because wouldn’t be there if not good.  Or if there’s a change adjacent to an 
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existing SAV site, could identify wave energy as the change.  Sentinel sites could be used, but 
very dynamic.   
 
There are some things you can control and habitat considerations.  KEA could be potential for 
SAV = wave energy, depth, salinity.  Conditions needed to establish SAV.  Parameters, map 
suitability, monitor what % is occupied, measure of success = % occupied of total suitable 
habitat.  Contact Joe Paxton (Kevin) study on this.  Louise will compile and research. 
KEA - Shell Bottom 
Could develop a list of attributes/site characteristics and develop a GIS exercise (Wilson/Kevin) 
– salinity would be included.  Suitable area and area occupied – should have this data.  Brian 
Conrad (DIF) is good contact for this info (Kevin).  Abundance and accretion – want to see it 
increasing.  It’s significantly reduced from historic extent, probably due to overharvesting. 
Salinity/Current – roll up same as w/SAV, into appropriate habitat conditions.  Look at 
potential for habitat and see how much is occupied.   
Available shells for recruitment – presence/absence.  Shell quality.  Natural bed vs. newly 
restored bed.  Current, ambient water conditions – determine suitable habitat and how much is 
occupied.  Ambient water conditions are available for oysters. 
Population Structure – review of worksheet – homogeneous oyster sizes. No signs of 
recruitment.  Measure more spat settlement (or spat fall) 
Refugia and available habitat 
 
KEA – Estuarine Wetlands - functions:  sources of nutrient input, provide buffering capacity, 
filter, provide nesting 
Connectivity –connect to uplands and other wetland and riparian systems.   Indicator - % 
buffered by natural habitats.  Length/width = indicator.  Natural extent is separate indicator.  
Quality of buffers determined by proximity, quality, size, sufficient area for species migration.  
Patchiness = indicator.  Inter-connectivity (thru the landscape) and Intra connectivity (with other 
habitats). 
Species Composition – species faunal diversity (Louise will look at other examples and 
reconvene), species richness.   
Measuring – In ENCSEVA, wetlands were dominant landscape, now all converted.  Can do 
presence/absence and refine with other metrics.  DCM maps – use today as baseline.  Have 
decreased enough that we know they are important – no net loss is goal.  Maybe this is most 
important with restoration.  Keep all native wetlands we still have.  KEA = size.  This is captured 
under KEA Species Composition, but make Aerial Extent its own KEA.  Some estuarine habitats 
have increased due to accretion.  More is better, no net loss.  It’s possible to still have loss (even 
with passing of Clean Water Act).  Poor = loss of wetlands.  Current state can be “poor” 
depending on desired state. 
 
KEA - Natural Shore Zone 
Connectivity – overlap between this and Estuarine Wetlands KEA.  Dimensions different.  
Amount of hardened structures.  Poor = 80-90% shoreline is hardened.  Do we define this for 
whole system or by estuary or by length of shoreline (0.5 mile increments).  Used counties for 
current survey – total hardening/shoreline/human alteration.  Functional units in landscape could 
use watersheds.  Administrative boundaries not make sense with estuaries.  Need something less 
than counties.  If habitat now vs. what we want to see in the future, then 80% is too coarse for 
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overall ENCSEVA.  Variable, so need 12-digit hydrologic code or sub-watersheds.  8% of 
natural shorelines are not wetlands (Michelle).  Upland area goes to upland group.  Combine 
Estuarine Wetlands and Natural Shorelines – due to similar functions?  And combine Amt of 
contiguous natural shore lines and amt of hardening structures or natural shoreline alteration. 
 
Not total agreement on merging, but need to capture all functions.  Coastal Management has 
already collected data on connectivity.  How to account for sandy beaches?  Are they 
ecologically significant enough to be considered.  Diamondback terrapins same?  Moving on as 
two separate KEAs, Louise will talk to others and revisit. 
 
Slope – have a high natural slope not adjacent to wetland.  Non-vegetated only.  Once vegetated 
= estuarine wetland.  Not needed as a KEA. 
 
KEA - Estuarine Dependent Species –  
Atlantic Sturgeon (from juvenile to adolescent stage) 
Population Size – Wilson can work on some value of CPUE.  Stock is term used to differentiate 
between Roanoke, Tar-Pamlico, Cape Fear, Neuse.  Has to be done on bi-estuary basis.  May 
only have good value for Albemarle. 
Composition & Structure – want to see more than one dominant age class.  
Available nursery habitat – look like shallow soft-bottom areas.  Wilson/Kevin may have some 
of this data.  Could measure sediment or macro-benthos.  Easier to measure sediment.   
DO regime - Discharge is related to nursery habitat.  Want to maintain “normal” flow regime.  
Armstrong’s paper (Michelle) on nursery habitat suitability cited sedimentation and DO regime.  
Rating should be ppm.  Middle range <4=hypoxic or poor.  Fair = 3-5 ppm.  Combination of 
water quality conditions are what affect species, but DO is determining factor. 
Temperature ? – habitat squeeze (DO decrease = temp increase) is a concern.  Pete Kernegie et 
al (Wilson) reference.  Juvenile life stages are most susceptible.  Wilson has other resources.  
Michelle – temp could be a limited factor, but since not including mountain regions may not be 
priority. 
 
Water Birds- Wading birds, waterfowl, and colonial nesting sea birds all lumped?  Colonial 
nesting wading birds most closely tied to estuarine.  Refer to bird folks:  John Stanton, David 
Allen/Sara Switzer & Walker Goulder (Audubon) could contribute to indicators and what/if a 
surrogate species.   Is there a single metric available or do we need to break these down to 
smaller areas? 
Available nesting habitat – Indicator:  total area. 
Available foraging habitat – Indicators:  total area, amount of small fish, and amount of benthic 
invertebrates (only being done spottily by academics). 
Population size – Indicator:  amount of birds. 
 
Blue Crabs - Linn Henry & Dave Eggleston (NCSU, Wilson), Dan Rittschoff (Dean).   
Connectivity – Recent DMF FMP on blue crabs (Wilson).  Females reaching inlet for spawning 
– not surveyed.  Very sensitive to inoxic (?) and hypoxic conditions.  Mature female crab size 
might be more measurable.  Linn Henry. 
Composition and structure – (Kevin) for metrics currently measured.  Crab size (Michelle) – 
increases in pygmy females is a bad sign.  Mature female crab size is more appropriate indicator. 



F-67 
 

Population Size -  
Availability of food – not a limiting factor. 
 
Diamondback Terrapin – very little data.  Jeff Hall, Gilbert Grant (Coastal Carolina Comm 
College), David Lee, Brian Stewart, grad student studies (Wilson).  Also Warehouser (Michelle).  
NPS, Inventorying & Monitoring Plan – Joe Devivo (Pete).  Bycatch is a threat.  Should we 
choose a species that has more data available/existing monitoring?  Chose this one because 
spends entire life cycle in estuarine environment. 
Population Size 
Available nesting habitat 
Composition and structure 
 
Direct and Indirect Threats Review & Ranking 
 
General comment - Indirect Threats – categories of Direct w/indirect or driver.  Marina = multi-
slip docking facility.  Could be more explicit on direct threats.  I.e. marina facilities = illegal 
discharge is the threat.  Marina could be a threat from shading out habitat.  Indirect threats can 
also be opportunities. 
 
Pt-source pollution Discharges – Inappropriate water discharge incl.  Confined Animal Feeding 
Operations are point-source.  Intention was something that can be tracked and managed.  What 
kind of loading can be tracked.  Non-point = ambiguous contribution that’s difficult to quantify 
and measure.  Definition – regulated, permitted, (national pollution discharge elimination 
system, NPDS)) 
Ranking: 
SAVs - Does this include ditching discharges?  Include full geography…may have a lot of 
ditches in northern extent, but not as prevalent in southern extent.    There is ditching south to 
Neuse. 
Scope:  L 
Severity:  M  
Irreversibility:  M 
 
Shell Bottom (a lot we don’t understand about how this impacts the system) 
Scope:  L 
Severity:  M 
Irreversibility:  M 
 
Estuarine Wetlands - Would help if had map of what calling pt-sources. 
Scope:  L   
Severity:  L 
Irreversibility:  M 
 
Natural Shore Zones 
Scope:  L 
Severity:  M 
Irreversibility:  M 
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Estuarine Dependent Species - including drainage ditches from farm fields?  Regulated only? Or 
include unregulated?  Depends on how we define pt-source.  If only regulated, then different.   
Scope:  (L to ) M (question mark on dilution/solution discussion in relation to endocrine 
disrupters and mercury contamination – considering water and/or soils. 
Severity:  M 
Irreversibility:  M - legacy contaminants would have longer impact. 
 
Non-point source pollution (unpermitted discharges, storm water outfalls, water impoundment) 
Ranking: 
SAVs 
Scope:  VH 
Severity:  H (main threat) 
Irreversibility:  H 
 
Shell Bottom 
Scope:  H (oyster reefs with sedimentation on them are considered dead, low DO is an issue as 
well.) 
Severity:  H 
Irreversibility:  H (if water quality bad, then restoration potential very low) 
 
Estuarine Wetlands 
Scope:  H 
Severity:  L 
Irreversibility:  (M to) H (wetlands can be resilient and bounce back, but incl forested and 
saltmarsh so response time greater) 
 
Natural Shore Zones (incl urban development, beach closures to recreational swimming due to 
impaired waters) 
Scope:  H 
Severity:  M (incl bulkheading?  No, inappropriate alteration of habitat) 
Irreversibility:  H 
 
Estuarine Dependent Species  
Scope:  VH 
Severity:  M (to H) 
Irreversibility:  H (because non-pt source and no one is regulating it and very difficult when they 
try) 
 
Poaching – mainly commercial or recreational.  Delete striped bass and replace with glass eels.  
i.e. Economic incentives – Asian market/demand increased poaching.  Economic incentives drive 
overfishing.  Maximum sustainable yield = Optimum sustainable yield (OSY).  Shrimp trawling 
is major contributor for bycatch.  Delete “inappropriate”.  There is bycatch in every fishery but 
highest in shrimp.  Change to bycatch to encompass all practices that cause it.  Overfishing and 
bycatch are separate direct threats.  Need to define – is this only with intent or does this include 
mistaken overharvest?  Difficult to know how much this is happening and therefore the extent. 
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Ranking: 
Shell Bottom (consult DMF) 
Scope:  H 
Severity:  Not specified 
Irreversibility:  H 
 
Estuarine Dependent Species 
Scope:  H (difficult to know.  Opportunity exists throughout.) 
Severity:  Not specified – don’t know to what extent and can’t categorize to any degree of 
confidence. 
Irreversibility:  H 
 
Overfishing/Overharvest (to incl waterbirds)  
Ranking: 
Shell Bottom 
Scope:  H 
Severity:  M (regulated fishery) 
Irreversibility:  L (0-5 years for oysters) 
 
Estuarine Dependent Species  
Scope:  H (blue crabs, shellfish and sturgeons occur throughout) 
Severity:  M (to L, specified time frame for overfishing, diamondbacks have very little 
monitoring and no legal harvest and no commercial fisheries, depends on how we define 
waterbirds – subject to further discussion) 
Irreversibility:   
 
Bycatch 
Ranking:  M 
Shell Bottom – subject to encounter by trawls, not so much by gill nets because not affected by 
them.    Trawling prohibited in Albemarle Sound, only Pamlico Sound and Cape Fear to 
consider. 
Scope:  L (to M, but prob same category as non-pt source pollution) 
Severity:  M (to L, but where it does damage, it takes a while to recover) 
Irreversibility:  L (oysters are 3-5 years) 
 
Estuarine Dependent Species – check w/Kevin Hart about mobile gear use in SAV beds.  Not 
main threat for waterbirds.  Hi potential for terrapins. 
Scope:  H 
Severity:  H 
Irreversibility:  M 
 
Invasives/exotics spread – aquarium, illegal trade, Gulf stream, home landscaping, aquaculture 
operations, discharge or overflow of managed area.  Incl non-native and native 
opportunistic/invasives – i.e. red maples. 
Ranking: 
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SAVs (difficult to determine what cause of impact…invasives could occupy space not formerly 
occupied by SAV OR could outcompete SAV.  Eurasian milfoil – less issue on true sea grasses 
and marine and may actually serve a beneficial role) 
Scope:  M 
Severity:  M (uncertainty) 
Irreversibility:  H 
 
Shell Bottom (rather focus on non-natives because much bigger threat.  Consult someone at 
DMF for clarity on spp.  Boring sponge – been here for 150 years [naturalized], but cyclical and 
dependent on water quality so a symptom as opposed to the cause - located in higher saline areas.  
Green crabs, rapa whelk, Asian tiger frog but not sure if poses a threat) 
Scope:  L 
Severity:  H 
Irreversibility:  H 
 
Estuarine Wetlands (Phragmites and nutria have negative effect) 
Scope:  H  
Severity:  (M to) H 
Irreversibility:  H 
 
Estuarine Dependent Species 
Scope:  L 
Severity:  M (some uncertainty.  Consult David Bishop on this) 
Irreversibility:  H (hard to eradicate, not practically affordable) 
 
Obstructions to fish passage and streamflow Hydrologic alteration 
Add impoundments, vertical tide gates, tidal turbines.  Includes ditches/farm canals because 
usually have water control structures and/or pumps associated with them) 
Ranking: 
Estuarine Wetlands (consider from sediment deposition standpoint.  Also affects hydrology of 
wetlands, changes the whole regime of where the water table is in the wetlands) 
Scope:  H (to VH) 
Severity:  H (to VH, but still a lot of natural wetland that hasn’t been altered.  Talking more 
about scrub/shrub and forested for high drainage potential.) 
Irreversibility:   
 
Estuarine Dependent Species 
Scope:  M (to H, widespread, but block may be upstream so considering sediment supply on 
floodplain being starved.  Sturgeon aren’t foraging in wetlands too much, big impact on blue 
crabs though.  Culvert crossings present throughout, as well as ditching.  Considering culverts, 
farm canals.  Dams outside of estuaries cause more damage.) 
Severity:  L 
Irreversibility:  H (would be easy if people would allow it – theoretically easy, but takes political 
and community support). 
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Loss/Inappropriate alteration of habitat Physical modification of habitat – improper 
disposal of dredged materials.  Add “urban” to filling/clearing of land for residential 
development or agriculture.  Leads to elimination rather than impairment.  Incl bridges/bridge 
building, marinas, navigational structures, biological stresses (turbidity and sedimentation). 
Ranking: 
SAVs 
Scope:  L  
Severity:  VH (where it happens, it destroys the target) 
Irreversibility:  H 
 
Shell Bottom (At some point in the future, to the extent Kevin has access thru DMF, we should 
review mapping of the resource and the threats and confirm these rankings.) 
Scope:  M (most dredge disposal sites are specified offshore or on previously disturbed area.  
Existing habitat = L considering trawling and dredging, but incl all = M.) 
Severity:   M 
Irreversibility:  M (depends…dredging = H due to political restraints, but oyster restoration = M 
to L) 
 
Estuarine Wetlands 
Scope:  L (not including “shoreline”) 
Severity:  H (a lot of regulation re:  bulkheading, but many loopholes) 
Irreversibility:  H 
 
Natural Shore Zones 
Scope:  M (consult DCM map) 
Severity:  H 
Irreversibility:  H 
 
Estuarine Dependent Species 
Scope:  M 
Severity:  H 
Irreversibility:  H (when considering restoration and productivity level) 
 
Marine Estuarine debris - release from cruise ships could drift into estuaries, but not a big 
threat.  Combine ghost fishing and abandoned fishing gear.  Debris can be ingested and/or catch 
the organism.  (consistent ranking across the board) 
Ranking: 
SAVs 
Scope:  H 
Severity:  L 
Irreversibility:  L 
 
Shell Bottom 
Scope:  H 
Severity:  L 
Irreversibility:  L 
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Estuarine Wetlands 
Scope:  H 
Severity:  L 
Irreversibility:  L 
 
Natural Shore Zones 
Scope:  H 
Severity: 
Irreversibility: 
 
Estuarine Dependent Species 
Scope:  H (pretty widespread, but low frequency/impacts greatly where it happens.) 
Severity:  L (except for ghost fishing = highly severe) 
Irreversibility:  L (a lot of beach cleanups, etc.) 
 
Inappropriate Water withdrawl (Incl permitted and inappropriate withdrawls.  Consumptive 
uses for desalinization purposes which is an increasing threat.  Incl impingement and 
entrainment.) 
Ranking: 
Estuarine Wetlands 
Scope:  L 
Severity:  L 
Irreversibility:  L 
 
Estuarine Dependent Species 
Scope:  L 
Severity:  L 
Irreversibility:  M (can use wedge wire screening to ameliorate it to some degree) 
 
Goals (Biological Outcomes) & Objectives 
Shell Bottom 
Goal:  (subtidal oysters only occur in Pamlico Sound) By 2018 (from NE Oyster Restoration 
Plan Coastal Fed Div MF, ACE & TNC), there will be XX acres of shell bottom to include 500 
ac oysters, 500 ac of scallops, XX acres of intertidal oysters, and XX acres of clam beds.  (does 
not incl intertidal oysters because they did not come to consensus on this in Plan) 
Objectives: By 20XX, 
Identify suitable habitat thru modeling and groundtruthing for each category.  Ranking 
prioritization. 
Develop protocols for habitat restoration.  (already have oysters probably) 
Obtain funding & permitting for those restoration sites. 
Monitor those ac of habitat restored. 
Modify goals/techniques as needed to reflect past restoration activities & success rates. 
Report to all. 
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Sub -Goal:  By 2018, restore x ac of habitat within the contributing watersheds that support shell 
bottom restoration. (to ensure good water quality to support good restorations) 
Objectives: 
Identify impacted watersheds. 
Prioritize those watersheds for potential restoration/enhancement. 
Identify landowners, make contacts in order to determine feasibility of action. 
Develop restoration plan for specific sites. 
Obtain funding & permits to do the work. 
Implement restoration projects – monitor – etc. 
 
Estuarine Wetlands 
Goal:  By 2018, restore/enhance  xx ac of estuarine wetlands. 
And Xx ac forested wetlands, scrub/shrub wetlands, emergent wetlands. 
Objectives: 
Same as above. 
Secondary Goal:  Promote policies that minimize impacts to wetlands and promote wetland 
protection. 
Working with regulatory agencies and/or through NGOs to promote low-impact dev and living 
shorelines and other activities that contribute to wetland protection. 
Monitor effectiveness of those policies/regulatory changes. 
Promote outreach to effected public regarding need for policy/regulatory changes. (to inform and 
get buy-in) 
 
SAV 
Goal:  Establishment of SAVs in xx % of potential SAV habitats by 20XX. 
Objectives: 
Identify funding mechanism and where to get it started. 
Determine historical and current distributions. 
Define how water quality and phys parameters vary throughout the estuary.  Gather baseline on 
SAV and environmental conditions necessary for SAV growth. ID potential distributions.  
Develop model 
Develop criteria for improved water quality. (as major limiting factor) 
Determine areas where water quality could be improved/for restoration 
Determine appropriate locations for watershed plans to improve water qual. 
Implement water quality improvement project at priority watersheds. 
Monitor SAV distributions. 
Educate the public about how the importance of SAV and water quality. 
 
Natural Shore Zones (Walt Priest – living shorelines) 
Goal:   No net loss of nsz by 20XX. (based on current DCM survey) 
Identify funding mechanisms. 
Use DCM 2010-11 mapping effort as baseline for no net loss. 
Develop plan for protecting and restoring & educating about use of nszs based on research done 
by NMFS and NOAA. (John Fear, Carolyn  ) 
Develop political support for nszs that would provide policies incentives & ed. 
Implement nsz restoration & protection programs. 
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Repeat Div CM survey in 5-10 year increment to measure progress. 
 
Estuarine Dependent Species 
For sturgeon & blue crabs have existing FMPs and recovery plan (or soon to be) so should pull 
up existing objectives and goals and plug them in/customize.  Can take ultimate objective and 
step it back to 5 year plan horizon.  Waterbirds – refer to John Stanton and David Allen.  Leaves 
diamond back terrapins and Wilson will research.   Include ultimate desired state in goal, 5-year 
timeframe in objectives. 
 
Develop Results Chains/Strategies 
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Upland	  Systems	  Workshop	  1	  Agenda	  (Oct	  16	  -‐	  17,	  2012)	  
Welcome and thank you for joining us.  The purpose of this workshop is to elicit expert 
knowledge relevant to upland systems within eastern North Carolina and southeastern Virginia. 
This information will provide the foundation for the development of a comprehensive strategic 
habitat conservation plan. This workshop will follow the Open Standards for the Practice of 
Conservation framework.  Our specific goals for this workshop are to: 1) define conservation 
targets of conservation of upland environments, 2) identify the key ecological attributes and 
indicators of those targets, and 3) identify threats.  

TUESDAY 
  9:00   Introductions  

9:15 Overview of the Eastern North Carolina, Southeastern Virginia Strategic Habitat 
Conservation Team (ENCSEVA) 

  9:30   Workshops goals and description of planning framework and data collection 
10:30  Define the geographic scope and  vision of success for upland environments within 

ENC SEVA eco-region 
11:15  Define conservation targets and Key Ecological Attributes 

Conservation Targets: species, ecological communities, ecological system(s)/habitat(s), 
or ecological process(s) chosen to represent and encompass the full suite of biodiversity 
in the project area for place-based conservation or the focus of a thematic program. 
 
KEAs: an aspect of a target's biology or ecology that if present, defines a healthy target 
and if missing or altered, would lead to the outright loss or extreme degradation of that 
target over time.  

12:00  Lunch  

1:00   Continue with conservation targets and Key Ecological Attributes 
4:00   Adjourn  

WEDNESDAY 
9:00   Review of previous day’s discussion  

10:00  Continue with Key Ecological Attributes (KEAs) and indicators  

12:00  Lunch  
1:00   Define threats to conservation targets 

Threats: Impaired aspects of conservation targets that result directly or indirectly from 
human activities (e.g., low population size, reduced extent of forest system; reduced 
river flows; increased sedimentation; lowered groundwater table level).  

4:00   Adjourn 

Thank you for your participation in this workshop.  Over the course of the next few weeks I may 
contact you via email or phone to discuss point for added clarity or for additional information.  
This follow up is not expected to require additional research for workshop participants or require 
large expenditures of participant time. 
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Upland	  Systems	  Workshop	  2	  Agenda	  (Nov	  19-‐20,	  2012)	  
Welcome and thank you for joining us!  The purpose of this workshop is to confirm the accuracy 
and analysis of previous discussions as well as to elicit relevant information and expert 
knowledge to aide in the development of strategies and recommendations for the conservation of 
upland environments within the ENCSEVA geographic boundary.  Our specific goals for this 
workshop are to review key ecological attributes (KEAs), threat relationships and rank threats, 
develop strategies and results chains.  
 

MONDAY 
  9:00 – Review conservation targets, KEAs, and indicators (see provided tables) 
 Conservation targets: A limited suite of species, communities, and ecological systems 

that is the focus of conservation and chosen to represent and encompass the full array of 
biodiversity found in a project area. They are the basis for setting goals, carrying out 
conservation actions, and measuring conservation effectiveness.  
KEAs refer to an aspect of a target's biology or ecology that if present, defines a healthy 
target and if missing or altered, would lead to the outright loss or extreme degradation of 
that target over time. 
Indicators are measurable entities related to a specific information need (for example, 
the status of a target, change in a threat, or progress towards an objective). A good 
indicator meets the criteria of being: measurable, precise, consistent, and sensitive.  

10:30 - Discuss indicators and complete indicator ratings  
 

11:30 - Review and causal relationships between indirect threats, direct threats, and 
conservation targets. 
 
A direct threat is an anthropogenic activity which directly degrades one or more 
conservation targets (shown in conceptual model as a pink square) 
An indirect threat is a driver or cause of one or more direct threats (shown in 
conceptual model as an orange square).  

 

12:00 – WORKING LUNCH 
 
12:30 - Rank direct threats within Miradi 
 
1:00 – Develop conservation target goals and potential objectives. 

Goals are linked to your project’s conservation targets and represent the desired status 
of the targets over the long-term – they are formal statements of the ultimate impacts 
you hope to achieve.  A good goal meets the criteria of being linked to targets, impact 
oriented, measurable, time limited, and specific. Goals help develop a clear idea of what 
is meant to be accomplished through actions. 
Objectives are formal statements of the desired outcome within a results chain – they 
represent milestones to determine if the implementation of strategies are achieving the 
desired results and hence moving towards achieving goals. 

  5:00 – Dismiss 
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TUESDAY 

  9:00 – Introduce strategies and results chains  

Strategies are broad courses of action designed to restore natural systems, reduce 
threats, and/or develop capacity. A strategy is typically used as an umbrella term to 
describe a set of specific conservation actions.  
A Results Chain is a sequence of linked factors in a diagram. A "Factor Chain" in a 
conceptual model shows the state of the world before you take action. A "Results Chain" 
shows the expected outcomes from the implementation of a strategy. Chains thus 
represent the assumptions you are making about your project site.  

   
10:00 – Develop Results Chains 
 
12:00 - LUNCH 
  1:00 – Continue with Results Chains 
 
  2:30 - Prioritize strategies in terms of Potential Impact and Feasibility within Miradi.  

Potential Impact - If implemented, will the strategy lead to desired changes in the 
situation at your project site?  
Very High - The strategy is very likely to completely mitigate a threat or restore a 
target.  
High - The strategy is likely to help mitigate a threat or restore a target.  
Medium - The strategy could possibly help mitigate a threat or restore a target.  
Low - The strategy will probably not contribute to meaningful threat mitigation or target 
restoration.  

*Note that there are at least two dimensions being rolled up into this rating: probability 
of positive impact and magnitude of change.  

Feasibility - Would your project team be able to implement the strategy within likely 
time, financial, staffing, ethical, and other constraints?  
Very High - The strategy is ethically, technically AND financially feasible.  
High - The strategy is ethically and technically feasible, but may require some 
additional financial resources.  
Medium - The strategy is ethically feasible, but either technically OR financially difficult 
without substantial additional resources.  
Low -The strategy is not ethically, technically, OR financially feasible.  

 
5:00 – Dismiss 
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Upland	  Systems	  Workshop	  1	  Notes	  (Oct	  16,	  2012)	  
Facilitator:Louise B. Vaughn, NCSU 
 
Upland Habitats of Focus: 
• Longleaf	  
• Xeric	  Pine/Dry	  Coniferous	  
• Early	  Successional	  
• Oak/pine	  mixed	  forest	  (hardwood	  component)	  
• Mesic	  forests	  (grasses,	  little	  understory,	  zero	  shrubs)	  
• Rocky	  outcrops	  
Longleaf Pine Forests (some oak within system): 
• Definition	  of	  a	  Longleaf	  pine	  community:	  uneven	  aged	  stands	  (recruitment,	  dynamic),	  with	  

characteristic	  understory	  community	  (geographic	  region	  determines	  native	  grass/forb	  mix).	  In	  
all	  longleaf	  pine	  ecosystems	  (across	  our	  geographic	  scope)	  longleaf	  pine	  will	  dominate	  the	  
canopy	  (characterized	  by	  widely	  spaced,	  large	  trees).	  Every	  longleaf	  pine	  ecosystem	  will	  also	  
include	  multiple	  stages	  of	  longleaf	  pine	  regeneration	  (e.g.	  grass	  stage).	  	  

o In	  sandhills,	  you	  will	  have	  more	  oak	  in	  understory.	  
• Key	  Ecological	  Attributes	  (KEA):	  

o Fire	  regime:	  frequent	  
o Patch	  Size	  (needs	  further	  discussion	  with	  longleaf	  pine	  alliance)	  	  

! What	  is	  the	  minimum	  size	  requirement	  for	  a	  longleaf	  pine	  ecosystem?	  
! 	  Aerial	  extent	  on	  this	  geography	  should	  be	  included	  as	  a	  KEA,	  and	  potentially	  later	  
connectivity.	  

! Aerial	  extent	  of	  localized	  patch	  or	  landscape?	  
! Area	  referring	  to	  entire	  geography?	  	  
! Could	  make	  an	  aerial	  KEA	  that	  specifies	  how	  big	  a	  chunk	  of	  longleaf	  pine	  forest	  needs	  to	  
be	  in	  order	  to	  keep	  its	  characteristics.	  Basically,	  minimum	  patch	  size	  requirement,	  or	  
what	  amount	  you	  would	  need	  over	  your	  whole	  geographic	  region	  (which	  is	  why	  you	  
could	  then	  relate	  it	  to	  connectivity).	  	  

! What	  is	  the	  difference	  between	  a	  few	  longleaf	  pine	  trees	  somewhere	  and	  an	  actual	  
longleaf	  pine	  forest/ecosystem?	  	  Need	  to	  define	  these	  characteristics.	  

! You	  can	  measure	  aerial	  extent	  in	  (contiguous?)	  acres	  (does	  not	  necessarily	  need	  to	  be	  
contiguous	  but	  do	  need	  to	  take	  into	  account	  some	  amount	  of	  distance	  between	  patches).	  

! Longleaf	  pine	  community	  is	  more	  than	  just	  longleaf	  pine	  (eg.	  Understory	  grasses	  as	  
well—talk	  to	  longleaf	  pine	  alliance	  about	  numerical	  spatial	  restraints	  of	  a	  longleaf	  pine	  
system).	  	  

! Work	  under	  the	  assumption	  that	  the	  more	  acres	  the	  better.	  
! SLOSS	  (single	  large	  patch	  or	  several	  small	  patches	  better)?	  Would	  most	  likely	  depend	  on	  
the	  species.	  	  If	  species	  is	  not	  considered,	  as	  long	  as	  the	  acreage	  amounts	  are	  the	  same,	  it	  
is	  thought	  that	  there	  is	  no	  real	  benefit	  to	  several	  small	  patches	  of	  LLP	  or	  a	  single	  large	  
patch	  of	  LLP	  besides	  easier	  fire	  management	  on	  a	  large	  contiguous	  patch.	  

! Eventual	  Goal:	  we	  went	  x	  amount	  of	  this	  habitat	  by	  this	  x	  time.	  Will	  visit	  later.	  	  
o Well	  drained	  soils:	  zero	  moisture	  and	  no	  flooding	  tend	  is	  better	  for	  this	  habitat.	  
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! 	  Predominately	  found	  in	  sandy	  soils.	  
! 	  Even	  if	  water	  is	  standing	  it	  does	  not	  stand	  long.	  	  

 
Xeric Pine/Dry Coniferous:  

• Definition	  of	  Xeric	  Pine:	  Dry,	  Virginia	  pine,	  pitch	  pine,	  table	  mountain	  pine,	  shortleaf,	  black	  
oaks,	  white	  oaks,	  steep	  slopes,	  ridge	  top,	  well-‐drained.	  Pine	  dominated	  habitat.	  	  

o Shares	  similar	  characteristics	  with	  rocky	  outcrops?	  	  
o A	  community	  in	  which	  oak	  species	  do	  not	  like	  to	  grow.	  
o Climax	  community,	  pretty	  stable	  but	  rare	  (?)(	  Not	  100%	  sure	  due	  to	  lack	  of	  

knowledge).	  Perhaps	  better	  to	  describe	  it	  as	  unique.	  	  
o Not	  incredibly	  exploitable,	  but	  provides	  decent	  location	  for	  development/houses.	  	  	  
o Is	  valuable	  just	  because	  it	  is	  unique/rare,	  but	  in	  general	  it	  is	  a	  low	  conservation	  

priority.	  	  
o We	  doubt	  that	  xeric	  pine	  acreages	  are	  growing,	  but	  nobody	  is	  sure	  if	  xeric	  pine	  

forests	  are	  actually	  declining.	  
o Knowledge	  gap	  due	  to	  this	  habitat	  being	  understudied.	  Need	  more	  information	  on	  

what	  species	  use	  it,	  how	  much	  there	  is	  of	  it,	  and	  if	  it	  is	  actually	  declining.	  	  
• Key	  Ecological	  Attributes	  (KEA):	  (KEA’s	  might	  be	  similar	  to	  those	  for	  rocky	  outcrops??)	  

Need	  to	  consult	  other	  individuals	  on	  xeric	  pine	  information.	  Mike	  Schafely?	  
o Fire	  regime:	  Is	  fire	  actually	  required,	  or	  just	  major	  disturbance?	  Some	  resources	  

state	  that	  periodic	  burns	  are	  necessary	  to	  maintain	  the	  habitat.	  	  
! Table	  mountain	  pine	  (and	  other	  species	  that	  characterize	  xeric	  pine)	  has	  

serrotinous	  cone,	  suggesting	  fire	  is	  necessary	  to	  some	  degree.	  
! Ridge	  top	  species,	  so	  most	  likely	  used	  to	  lightning	  and	  other	  catastrophic	  

events	  due	  to	  location	  (height),	  and	  also	  its	  dry	  nature.	  	  
o Species	  composition:	  Need	  more	  information.	  
o Patch	  size:	  Not	  sure,	  need	  more	  information.	  

Early Successional: 
• Definition	  of	  Early	  Successional:	  few	  trees,	  no	  climax	  forest,	  piedmont	  prairies	  (??),	  woody	  

shrub/scrub.	  Dynamic	  system,	  continuum	  of	  bare	  fields	  to	  scrub/shrub	  and	  then	  back	  to	  
fields	  again.	  

o Potentially	  includes	  old	  fields	  that	  are	  disked	  and	  burned.	  	  
o Should	  piedmont	  prairie	  be	  included	  in	  early	  successional	  or	  not?	  Is	  the	  only	  reason	  

it	  is	  considered	  a	  prairie	  because	  it	  was	  managed	  by	  Native	  Americans	  and	  grazed	  
by	  buffalo?	  Need	  to	  talk	  to	  museum/Prairie	  ridge.	  What	  is	  the	  NHP	  definition	  of	  
prairie?	  

o Argument	  that	  piedmont	  prairies	  are	  not	  “true”	  prairies	  like	  those	  found	  out	  west.	  
Proposed	  the	  idea	  that	  trees	  would	  not	  be	  able	  to	  establish	  themselves	  on	  a	  prairie	  
even	  if	  there	  was	  a	  lack	  of	  management/disturbance,	  therefore	  piedmont	  prairies	  
are	  not	  “true”	  prairies.	  

• Key	  Ecological	  Attributes	  (KEA):	  
o Disturbance	  required:	  whether	  it	  be	  fire,	  grazing,	  mowing,	  disking	  and	  other	  

disturbances.	  
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o Vegetation	  composition:	  zero/	  few	  trees,	  lots	  of	  native	  forbs	  and	  grasses,	  shrubs	  (no	  
invasive).	  	  

o Patch	  size	  and	  distribution:	  (some	  grassland	  bird	  research	  might	  address	  this	  
question)	  

! SLOSS?	  Single	  large	  or	  several	  small	  does	  not	  seem	  to	  matter.	  Edge	  habitat	  
would	  potentially	  be	  considered	  early	  successional.	  	  

! Under	  the	  assumption	  that	  the	  more	  is	  the	  better.	  
! Ideally,	  distributed	  among	  the	  landscape.	  

______________________________________________________________________________ 
**Overall, want to maintain these habitats (and potentially a mix of species and habitats). We hit 
a wall when it comes to how we would ideally want to see the distribution of these habitats on 
the landscape.  

• Would	  it	  be	  easier	  to	  assign	  a	  group	  of	  species	  to	  use	  as	  an	  indicator	  or	  umbrella	  species	  
that	  represent	  key	  ecological	  attributes,	  health	  of	  a	  habitat,	  etc.?	  

• Need	  specific	  patch	  size	  estimates	  (or	  other	  quantitative	  size	  estimates)	  for	  each	  of	  the	  
upland	  habitats	  (e.g.	  how	  many	  trees	  per	  acre	  would	  categorize	  each	  of	  these	  habitats?	  	  Or,	  
how	  small	  of	  a	  patch	  size	  would	  categorize	  each	  of	  these	  habitats?).	  	  

Oak/Pine mixed forest: 
• Definition	  of	  Oak/pine	  mixed	  forest:	  some	  fire,	  oak	  is	  fire	  tolerant,	  plentiful	  and	  degraded.	  

Dynamic	  system.	  Multi-‐aged	  structure.	  Veg	  component	  is	  a	  gradient,	  heterogeneous,	  
depending	  on	  the	  type	  of	  management	  it	  undergoes.	  Understory	  contains	  no	  invasives.	  High	  
natives	  appropriate	  to	  area.	  	  

• Key	  Ecological	  Attributes	  (KEA):	  
o Fire:	  Lack	  of	  fire	  is	  an	  issue	  with	  these	  habitats.	  

! Poor:	  none	  (too	  much	  causes	  a	  regime	  shift)	  
! Fair	  and	  Good:	  somewhere	  in	  between	  poor	  and	  very	  good.	  
! Very	  good:	  about	  5-‐10	  years	  (longer	  fire	  interval).	  

o Species	  composition:	  common	  habitat,	  but	  degraded.	  
! Degraded:	  Even	  aged.	  Higher	  presence	  of	  fire	  in-‐tolerant	  species	  like	  red	  

maple.	  Low	  average	  DBH,	  low	  diversity.	  
! High	  quality:	  Heterogeneous,	  uneven	  aged,	  high	  DBH,	  big	  trees,	  high	  

diversity	  (in	  understory).	  Lots	  of	  replacement.	  
o Wildlife:	  Good	  wildlife	  habitat	  (especially	  for	  game	  species	  that	  consume	  large	  

amounts	  of	  hard	  mast	  like	  acorns).	  
! More	  interior	  less	  cowbirds	  	  

o Patch	  Size:	  (contact	  forest	  research	  stations/center,	  NRCS)	  
! Is	  there	  a	  min	  size	  for	  interior?	  
! USFWS	  forest	  condition	  

	  
Threats: 

• Fire	  suppression	  
• Habitat	  loss	  (loss	  to	  developments)	  
• Fragmentation	  
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• Invasive	  species/exotics	  
• Inappropriate	  Recreation	  

o trampling,	  overuse,	  ATVS,	  mountain	  biking,	  horseback	  riding	  
• White-‐tailed	  deer	  (wildlife	  imbalance)	  
• Biofuels	  (increase	  in	  biofuels	  money)	  

o Loss	  of	  CRP	  lands,	  conversion	  to	  agriculture	  and	  commercial	  forests	  
• Climate	  Change	  (ignore	  for	  the	  moment)	  
• Pollution	  

o Littering,	  atmospheric,	  coal	  ash	  causing	  water	  contaminants.	  
• Ground	  Water	  Manipulations	  
• Hydrology	  changed	  due	  to	  development	  

o Water	  withdrawal	  from	  paper	  mills	  
• Illegal	  logging	  practices-‐	  failure	  to	  follow	  BMP’s	  	  
• Habitat	  degradation	  
• Compaction	  

	  
**Habitat conversion into developments is worse than habitat conversion into agriculture land, 
etc.** 
 
Good Contacts for Information: 

o TNC	  &	  NC	  TNC	  &VA	  TNC	  (triangle	  nature	  conservancy)	  
o NHP	  (natural	  heritage	  program)	  
o Longleaf	  Pine	  Alliance	  
o NCWRC	  (North	  Carolina	  Wildlife	  Resources	  Commission)	  
o Wild	  Turkey	  Federation	  
o Quail	  Unlimited	  
o America’s	  Longleaf	  
o TLC,	  Chatham	  land	  conservancy	  
o Refuge	  Management	  Plans	  (w/	  quantity	  habitats)	  

 
Target Goals:  

• Believe	  that	  the	  Long	  Leaf	  Alliance’s	  goal	  is	  unrealistic.	  
• Xeric	  Pine-‐	  By	  20XX	  be	  able	  to	  find	  out	  what	  and	  where	  they	  are.	  Assessing	  the	  status	  of	  

damage.	  	  
 

**Is it appropriate to use a species target for upland habitats? Basically, is there a group of 
species or a specific species that would cover the entire geographic scope of these upland 
habitats? 

• Longleaf	  pine-‐	  RCW’s	  
• Xeric	  habitats-‐	  no	  idea	  
• Dean’s	  list	  of	  upland	  species	  to	  potentially	  look	  at:	  Living	  Resource	  Status	  (forest	  type,	  

extent	  location)	  longleaf,	  hardwood,	  maritime	  extent	  locations	  (?).	  Forest	  age	  structure	  for	  
each	  of	  those.	  
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o Upland	  mammals:	  Black	  bear,	  deer,	  bat	  
o Upland	  birds:	  Turkey,	  raptors	  (eagles	  &	  osprey),	  land	  bird	  populations	  
o Upland	  herps:	  reptile	  species	  to	  be	  named	  and	  leopard	  frog	  
o Native	  warm-‐season	  grasses	  
o Soil	  indicators	  as	  well	  
o Vulnerable	  upland	  mammal:	  Red	  wolf	  
o Vulnerable	  upland	  birds:	  Quail,	  upland	  bird	  
o Vulnerable	  upland	  herps:	  Box	  turtle	  and	  to	  be	  determined	  amphibian	  
o Vulnerable	  upland	  invertebrates:	  Arachnid	  species,	  fireflies.	  

• Usually	  do	  not	  want	  to	  use	  an	  endangered	  species	  as	  an	  indicator	  but	  RCW	  is	  a	  special	  one.	  	  
• Not	  good	  about	  describing	  what	  our	  measure	  of	  success	  is.	  	  
• What	  managers	  is	  looking	  for	  is	  directions	  from	  above,	  we	  are	  good	  at	  brainstorming	  goals,	  

but	  the	  goals	  never	  make	  it	  down	  to	  the	  field	  management	  level.	  Managers	  are	  not	  going	  to	  
change	  their	  management	  practices	  unless	  they	  are	  instructed	  to.	  	  

• Goal	  for	  this	  plan	  is	  to	  go	  into	  a	  more	  quantitative	  direction.	  	  
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Upland	  Systems	  Workshop	  2	  Notes	  (Nov	  19-‐20,	  2012)	  
 
Review of Scope 

	  
When you think about a vision for upland habitats is the wording of the vision statement 
correct/does it satisfy what you would like to see? 

• Need	  to	  consider	  management.	  A	  lot	  of	  upland	  communities	  need	  active	  management	  such	  
as	  fire.	  	  Could	  add	  something	  about	  processes	  that	  maintain	  those	  habitats	  (how	  we	  get	  
there).	  Support	  the	  disturbance	  processes	  which	  maintain	  those	  processes.	  	  

o Some	  experts	  agree	  this	  is	  important	  to	  consider	  but	  not	  necessary	  to	  incorporate	  in	  
the	  vision	  statement.	  

• Think	  “sustainable	  and	  resilient”	  should	  be	  in	  vision	  statement	  number	  two.	  	  
Review of Conservation Targets 
 
Oak Pine vs. Oak Hickory 
• Pine	  is	  a	  natural	  component	  of	  oak-‐hickory	  forests.	  There	  was	  support	  to	  change	  it	  just	  to	  oak-‐

hickory.	  	  
• Oak-‐hickory	  target	  needs	  to	  include	  the	  successional	  stages	  that	  it	  needs	  to	  go	  through	  before	  it	  

becomes	  mature	  oak-‐hickory.	  Want	  to	  capture	  all	  the	  seral	  stages.	  It	  is	  a	  dynamic	  system.	  
 
 
Dry Coniferous Woodlands  
• Debate	  on	  if	  it	  actually	  occurs	  within	  our	  scope.	  Mostly	  in	  the	  foothills/mountains.	  It	  is	  very	  

small,	  and	  topographically	  confined.	  	  
• Do	  we	  need	  to	  consider	  it	  as	  a	  rare	  community?	  	  
• However,	  shortleaf	  pine	  bluffs	  and	  small	  ridges	  in	  the	  piedmont	  are	  important.	  Not	  sure,	  if	  you	  

would	  capture	  them	  under	  dry	  coniferous	  woodlands	  or	  some	  other	  habitat	  name?	  
• Does	  it	  have	  actual	  value	  or	  are	  we	  just	  keeping	  it	  because	  it	  is	  a	  weird/rare	  thing	  that	  happens	  

on	  this	  landscape.	  
• A	  lot	  of	  these	  species	  occur	  in	  our	  range	  because	  they	  occur	  in	  areas	  that	  were	  not	  good	  to	  be	  

converted	  into	  agriculture	  lands.	  Are	  they	  at	  risk	  though	  due	  to	  development?	  	  
• Dry	  coniferous	  woodlands	  could	  be	  considered	  a	  patch	  community	  under	  oak-‐hickory	  community.	  

Nested	  target	  community?	  
o It	  is	  not	  exclusive	  to	  oak-‐hickory	  though	  and	  it	  could	  be	  in	  oak-‐pine	  type.	  
• A	  lot	  of	  shortleaf	  pines	  declining	  as	  they	  are	  growing	  on	  old	  prairie	  lands	  where	  there	  is	  not	  a	  

lot	  of	  top	  soil.	  Land	  can’t	  support	  them	  as	  they	  become	  more	  mature.	  Invasive	  disease	  and	  the	  
Southern	  pine	  beetle	  are	  threatening	  these	  communities.	  Shortleaf	  pine	  needs	  some	  amount	  of	  
management,	  so	  it	  is	  not	  a	  species	  that	  is	  actively	  planted.	  	  

• Basically,	  concluded	  that	  dry	  coniferous	  woodlands	  does	  not	  need	  to	  be	  a	  specific	  
conservation	  target,	  but	  should	  nest	  shortleaf	  pine	  under	  some	  other	  conservation	  target	  
community.	  Whether	  it	  is	  under	  oak-‐hickory	  communities	  or	  xeric	  hardpan	  woodlands.	  

 
 



F-84 
 

Xeric Hardpan Woodlands 
• More	  extreme	  version	  of	  oak-‐hickory	  forests.	  	  Both	  more	  dry	  and	  more	  wet.	  	  
• Natural	  heritage	  does	  not	  nest	  it	  under	  oak-‐hickory	  because	  there	  are	  enough	  specific	  species	  

that	  are	  associated	  with	  it.	  	  
• Agree	  that	  it	  is	  a	  good	  conservation	  target.	  
• Should	  nest	  shortleaf	  pine	  under	  xeric-‐hardpan	  woodlands	  over	  oak-‐hickory.	  	  It	  is	  most	  

likely	  were	  shortleaf	  pine	  would	  naturally	  occur.	  	  It	  is	  probably	  more	  dominant	  in	  this	  
community	  rather	  than	  oak-‐hickory.	  

o Shortleaf	  pine	  is	  getting	  replaced	  by	  loblolly	  pine	  in	  the	  places	  where	  it	  should	  be	  naturally	  
growing.	  	  

• These	  are	  places	  that	  would	  lend	  themselves	  to	  piedmont	  prairies	  if	  fire	  is	  implemented.	  Should	  
we	  consider	  piedmont	  prairies	  and	  all	  their	  implications	  under	  this	  conservation	  target	  or	  
early-‐successional	  habitat?	  	  	  

o Barrens	  and	  glades.	  	  
• Should	  change	  this	  conservation	  target	  to	  “xeric	  hardpan	  woodlands	  and	  glades”.	  	  

o glades	  are	  different	  from	  rocky	  outcroppings,	  so	  important	  to	  keep	  “granitic	  outcroppings	  
and	  glades”	  titled	  the	  way	  it	  is.	  	  

o There	  is	  a	  difference	  between	  regular	  glades	  and	  granitic	  glades.	  Regular	  glades	  be	  
considered	  under	  xeric	  hardpan	  woodlands	  and	  glades	  while	  granitic	  glades	  be	  
considered	  under	  granitic	  outcroppings	  and	  glades.	  

 
 
Review of KEA’s: 
 
Longleaf Pine Forest Definition/ KEA’s 
• Definition	  

o Difference	  between	  sandhills	  and	  rolling	  hills?	  
o Longer	  fire	  interval	  
o Is	  there	  a	  reason	  to	  separate	  the	  sandhills	  vs.	  rolling	  hills	  if	  we	  are	  going	  to	  use	  /suggest	  

the	  same	  management	  for	  them?	  
o A	  lot	  of	  agriculture	  fields	  used	  to	  be	  dry	  longleaf	  pine	  forests.	  Delete	  sandhill	  and	  rolling	  

hill	  habitat	  part	  of	  definition!	  	  
• KEA	  (Longleaf)	  Fire	  Regime	  (concerns	  and/or	  potential	  indicators)	  

o Fire	  leaves	  adequate	  refugia	  for	  species,	  timing,	  variability	  among	  seasons,	  patchiness,	  
diversity	  of	  fire	  conditions	  (savanna	  component).	  

o Time	  of	  year,	  interval	  (how	  frequently)	  clearly	  important	  for	  fire.	  Adequate	  refugia	  would	  
exist	  if	  we	  let	  the	  fire	  naturally	  determine	  the	  mosaic.	  A	  fine	  balance	  between	  the	  need	  to	  
create	  a	  refugia.	  	  

o Think	  that	  the	  sandhills	  definition	  of	  3-‐7	  year	  fire	  rotation	  would	  not	  be	  appropriate.	  
Should	  be	  same	  as	  rolling	  hills	  (1-‐3	  years).	  Only	  need	  one	  set	  of	  ratings	  for	  both.	  	  
! Very	  good:	  2-‐4	  years	  (two	  years	  could	  be	  too	  frequent	  for	  mosses	  and	  other	  plants	  in	  

longleaf	  pine	  communities,	  perhaps	  3	  years	  is	  the	  best?)	  More	  xeric	  might	  be	  better?	  	  
! Good:	  4-‐5	  years	  
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o Perhaps	  we	  need	  2	  categories	  for	  burn	  interval	  instead	  of	  “very	  good”	  and	  “good”.	  Just	  
because	  certain	  number	  of	  years	  pass	  does	  not	  mean	  the	  habitat	  of	  interest	  should	  be	  
burned	  that	  year.	  Need	  to	  look	  at	  the	  individual	  area	  of	  interest.	  Might	  not	  be	  a	  large	  
enough	  field	  load.	  Burn	  regime	  depends	  on	  each	  individual	  habitat	  response,	  fuel	  load,	  
and	  target	  species.	  	  

• Good	  range	  vs.	  too	  much	  too	  little	  
o Seasonality:	  we	  want	  it	  mixed,	  not	  the	  same	  season	  every	  burn	  interval.	  

• P-‐	  every	  burn	  interval	  
• G	  
• F	  
• VG-‐	  burn	  is	  different	  

o Dormant	  vs.	  growing	  season	  and	  different	  times	  within	  the	  
growing	  season.	  	  

• KEA	  (Longleaf)	  Patch	  and	  Proximity	  
o What	  defines	  a	  patch?	  Does	  a	  road	  determine	  a	  patch?	  What	  is	  the	  minimum	  size	  a	  

patch	  can	  be?	  
o Are	  we	  talking	  about	  maintaining	  the	  function	  of	  a	  system?	  Are	  we	  looking	  to	  

manage	  for	  herps,	  plants,	  birds,	  mammals?	  
o Naturally	  limited	  by	  aspects	  of	  the	  landscape	  such	  as	  hydrology.	  (ex.	  2,000	  is	  not	  

realistic).	  	  
o Quantify	  potential	  habitat	  to	  develop	  a	  goal	  or	  understanding	  of	  a	  patch.	  (Ex.	  Maybe	  

we	  want	  to	  look	  at	  gap	  and	  restore	  10%	  of	  longleaf’s	  original	  range?)	  
! Would	  be	  great	  if	  we	  could	  look	  at	  potential	  habitat	  for	  longleaf	  and	  then	  use	  

it	  to	  consider	  what	  is	  an	  acceptable	  patch	  size.	  
! Umbrella	  species?	  

o Acres	  of	  longleaf	  and	  acres	  of	  quality/condition.	  
! Use	  America’s	  longleaf	  targets	  as	  a	  starting	  target,	  as	  a	  lot	  of	  organizations	  

have	  already	  bought	  into	  it.	  
! Indicator	  species?	  Indicators	  need	  to	  be	  something	  we	  can	  measure.	  (ex.	  

Measure	  species	  on	  the	  land)	  
o Goal	  should	  be	  restoring	  longleaf	  ecosystem	  to	  its	  optimal	  condition.	  Want	  to	  

consider	  the	  groundcover	  associated	  with	  LLP	  ecosystems	  not	  just	  the	  tree	  itself.	  	  
o Mixture	  of	  things.	  Must	  consider	  unique	  features	  when	  you	  think	  about	  how	  large	  of	  

a	  patch	  size	  you	  need	  (Ex.	  It	  might	  be	  a	  small	  area	  but	  it	  is	  important	  for	  amphibian	  
breeding).	  However,	  this	  is	  a	  generalized	  approach	  and	  not	  site	  specific.	  It	  should	  
not	  restrict	  efforts.	  	  

• KEA	  (longleaf)	  Plant	  Biodiversity	  
o Plant	  biodiversity	  (working	  assumption	  is	  fire	  is	  implemented)	  	  vs.	  faunal	  

biodiversity	  
! Invasive	  
! Native	  herbaceous	  
! Native	  woody	  
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• Depends	  on	  where	  you	  are	  in	  the	  landscape.	  Amount	  of	  each	  also	  
depend	  on	  where	  you	  are.	  	  

• Usually	  when	  red	  maple	  tends	  to	  creep	  in	  it	  is	  time	  to	  burn	  again.	  	  
o Would	  lower	  invasive	  ratings	  (ex.	  Poor	  rating	  should	  be	  lower	  than	  <50%).	  	  
o Does	  it	  mean	  the	  habitat	  is	  poor	  because	  one	  invasive	  it	  at	  a	  high	  amount	  in	  a	  

community?	  (ex.	  Just	  because	  a	  lot	  of	  fire	  ants	  does	  not	  mean	  the	  natural	  system	  is	  
that	  bad).	  Need	  to	  consider	  what	  the	  ratings	  mean.	  	  

! Certain	  faunal	  invasives	  (ex.	  Fire	  ants)	  do	  not	  have	  as	  big	  of	  an	  impact	  as	  
others	  (ex.	  Cogon	  grass).	  Not	  all	  invasives	  are	  created	  equal.	  

! Ratio	  of	  native	  to	  invasives	  (but	  there	  are	  things	  like	  fire	  ants	  that	  would	  
have	  a	  large	  proportion	  and	  therefore	  be	  considered	  poor,	  but	  would	  not	  
necessarily	  impact	  the	  ecosystem	  to	  the	  point	  that	  it	  would	  be	  considered	  
poor).	  

! There	  is	  an	  appropriate	  mix	  of	  herbaceous	  vs.	  woody	  but	  it	  depends	  on	  the	  
species	  and	  location.	  In	  general,	  you	  want	  a	  good	  mix.	  	  

! So	  many	  natural	  community	  types	  lumped	  in	  this	  that	  it	  is	  hard	  to	  make	  a	  
generalization	  (ex.	  Xeric	  pine	  community	  scrub	  vs.	  mesic	  habitats)	  about	  
what	  plant	  biodiversity	  should	  look	  like.	  Some	  of	  these	  communities	  do	  not	  
need	  as	  many	  herbaceous	  species	  and	  visa	  versa.	  

! Ratings	  for	  invasives-‐	  looking	  at	  many	  invasives.	  
• Keep	  under	  a	  threshold	  which	  keeps	  forest	  from	  being	  viable	  (cogon	  

vs.	  honey	  suckle)	  
! Feral	  hogs	  are	  an	  invasive	  species	  that	  is	  density	  dependent	  in	  terms	  of	  its	  

impact.	  (ex.	  A	  low	  population	  of	  feral	  hogs	  is	  not	  detrimental	  but	  if	  you	  have	  
a	  large	  population	  it	  could	  cause	  some	  large	  amounts	  of	  ecological	  
damage)(thresholds	  for	  ecological	  integrity).	  

! Lack	  knowledge	  on	  these	  thresholds	  of	  these	  invasive	  species.	  Not	  sure	  you	  
can	  develop	  a	  meaningful	  metric	  unless	  you	  are	  wanting	  high-‐quality	  native	  
system	  approach	  b/c	  not	  all	  invasive	  are	  considered	  terrible	  for	  the	  
environment/wildlife	  species	  who	  use	  that	  environment	  (ex.	  Autumn	  olive	  
provides	  good	  food	  and	  nesting	  habitat	  for	  birds).	  	  

! Group	  decided	  that	  the	  aim	  is	  high	  quality	  habitats.	  	  
! Invasive-‐	  %	  significantly	  impacts-‐	  what	  %	  is	  present	  but	  impacting	  but	  zero	  

deadly	  (fire	  ants)	  vs.	  something	  which	  will	  destroy	  (cogon).	  
! Change	  rating	  system:	  

• P-‐	  	  
• F-‐	  
• G-‐	  dominant	  species/desired	  species	  are	  regenerating.	  
• VG-‐	  dominant	  species/desired	  species	  are	  regenerating.	  Need	  some	  

%	  though	  b/c	  you	  could	  have	  regeneration	  on	  5%	  of	  land	  of	  95%	  is	  
codon.	  Maybe	  think	  about	  statistical	  distribution	  (<1%	  or	  5%	  is	  
good).	  
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! Rare	  species/endemic	  species-‐	  maintenance	  of	  rare	  species-‐	  if	  you’ve	  got	  it	  
maintain	  it.	  Losing	  it	  might	  indicate	  lack	  of	  management.	  	  

o KEA	  Biodiversity	  (upper	  canopy/	  mid	  canopy,	  recruitment)	  instead	  of	  Animals.	  Add	  
more	  indicators	  to	  include	  faunal	  and	  floral	  diversity.	  You	  want	  appropriate	  animal	  
species	  to	  be	  present.	  

! %	  herbaceous,	  %	  woody,	  %	  there	  
! Invasive	  

o Need	  a	  set	  of	  core	  indicators	  that	  can	  aggregate	  up	  through	  multiple	  scales.	  If	  they	  
are	  general	  enough	  they	  can	  aggregate	  enough	  to	  be	  useful	  on	  our	  scale.	  Need	  to	  
come	  up	  with	  consistent	  common	  attributes	  (ex.	  Hydrology,	  presence	  or	  absence	  of	  
vegetation)	  that	  can	  be	  applied	  to	  many	  geographic	  regions	  with	  the	  understanding	  
that	  specifics	  need	  to	  be	  considered	  when	  looking	  at	  it	  in	  certain	  sections	  of	  
geographic	  area	  (ex.	  What	  specific	  plant	  species).	  

• KEA	  (Longleaf	  pine)	  Plant	  Structure	  
o Age	  	  

! Poor=	  homogenous	  
! Very	  good=	  uneven	  

o Basal	  Area-‐	  caveat	  is	  if	  there	  is	  a	  major	  disturbance	  	  
o In	  the	  beginning	  you	  want	  some	  density	  (to	  outcompete).	  
o Basal	  area	  measurements	  seem	  fine.	  

! Midstory	  component	  to	  basal	  area.	  Hardwood	  midstory	  (0>20%	  midstory	  
depending	  on	  locale).	  	  Light	  penetration.	  	  

! There	  is	  an	  inverse	  relationship	  between	  ground	  cover	  and	  midstory.	  If	  you	  
measure	  one	  and	  create	  a	  threshold	  for	  one,	  you	  can	  make	  an	  inference	  
about	  the	  other	  so	  you	  do	  not	  have	  to	  manually	  measure	  both.	  	  

• Assuming	  midstory	  measures	  through	  lidar.	  
	  

Oak Hickory Forest Definition/KEA’s 
• Definition	  

! Were	  fine	  with	  the	  definition	  
o KEA	  (Oak-‐Hick)	  Fire	  Regime	  

! Fire-‐	  frequent	  enough	  to	  allow	  regeneration	  and	  keep	  down	  unwanted	  species	  
! Ind:	  presence	  of.	  Dist.	  Obligate	  species.	  

• Measure	  what	  you	  don’t	  want	  
! Wide-‐ranging	  fire	  frequency	  

o KEA	  (Oak-‐Hick)	  Patch	  Size	  and	  Proximity	  
! Matrix	  community	  but	  uncertain	  of	  threshold	  

o KEA	  (Oak-‐Hick)	  Biodiversity	  and	  composition	  
! Characteristic	  native	  species,	  balanced	  system	  with	  natural	  regeneration	  of	  all	  

layers	  (including	  oaks).	  
! Predatory	  animals	  present	  (the	  higher	  the	  tropic	  level	  the	  better)	  
! High	  ratio	  of	  core	  area	  to	  edge	  

• Low	  influence	  from	  invasive	  exotic	  species	  	  
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• Low	  deer	  herbivory	  (deer	  population	  and	  density)	  
o KEA	  (Oak-‐Hick)	  Structure	  

! Frequent	  natural	  opening.	  Frequent	  mortality	  and	  disturbance.	  	  
! Closed	  canopy	  (upper)	  dominated	  by	  oaks	  and	  hickories	  
! Big	  trees	  and	  diverse	  habitat	  for	  animals	  

• Indicators	  of	  structure:	  
o Uneven-‐ages	  across	  the	  stand	  for	  natural	  recruitment	  
o High	  average	  DBH	  
o Abundance	  of	  snags,	  cavities	  and	  downed	  wood.	  

Early Successional Definition and KEA’s 
• Definition	  

o Eliminate	  crops	  and	  piedmont	  prairie	  
o Intentionally	  managed	  for	  
o Manipulated	  working	  lands,	  old	  fields	  

• KEA	  (Early	  Succ)	  Structure	  
o %	  of	  herbaceous	  and	  woody	  ground	  cover	  <	  10	  ft	  in	  height	  (no	  monoculture)	  

! Poor-‐	  anything	  less	  than	  60%	  
! Fair-‐	  60-‐75%	  
! Good-‐	  75-‐90%	  

• KEA	  (Early	  Succ)	  Disturbance	  Frequency	  which	  Resets	  Succession	  
o Not	  too	  frequent	  or	  long	  
o Concerned	  with	  frequency	  to	  maintain	  the	  structure	  

! Poor:	  >	  4	  years	  and	  <1	  or	  2	  years	  (annual)	  
! Good:	  3-‐4	  years	  
! Very	  good-‐	  2-‐3	  years	  

o Density	  of	  patches?	  
o Landscape	  context:	  Bobwhite	  quail	  and	  Partners	  in	  Flight,	  WAPs	  reference	  for	  patch	  

sizes	  and	  goals.	  	  
o Early	  successional	  principal	  statement:	  We	  don’t	  want	  to	  replace	  other	  conservation	  

targets,	  we	  want	  to	  concentrate	  on	  already	  logged	  or	  other	  disturbed	  areas.	  	  
	  

Xeric Hardpan Woodlands 
• Definition-‐	  this	  habitat	  is	  limited	  to	  soil	  condition	  
• KEA	  (Xeric	  Hard)	  Hydrology:	  intact	  and	  no	  historical	  attempts	  to	  drain	  

o Indicator:	  minimal	  or	  no	  artificial	  hydrology.	  	  
! Poor:	  lots	  of	  ditches	  
! Very	  Good:	  no	  ditches	  

• KEA	  (Xeric	  Hard)	  Fire	  Regime:	  frequent	  to	  allow	  regeneration	  of	  oaks,	  hickories,	  pines,	  
and	  herbaceous	  plants.	  

o Relatively	  high	  fire	  frequency	  
o Semi-‐open	  canopy	  

! Ask	  someone	  for	  the	  range	  
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o Indicators:	  Presence	  of	  disturbance	  obligate	  species	  especially	  herbaceous	  plants	  
and	  grasses	  

! Low	  maples	  
! Regeneration	  of	  oaks,	  hickories,	  pines,	  and	  herbaceous.	  

• KEA	  (Xeric	  Hard)	  Biodiversity	  and	  composition	  
o Stable	  and	  increase	  population	  of	  rare	  and	  endemic	  species	  
o Biodiversity	  metrics	  

• KEA	  (Xeric	  Hard)	  Structure	  
o Same	  as	  oak/hickory	  
o Basal	  area	  is	  low	  

• Too	  many	  deer	  in	  oak/hickory.	  Fire	  should	  be	  widely	  variable.	  
	  

Granitic Outcrops/Glades 
• Same	  as	  xeric	  but	  less	  fire	  and	  lack	  of	  trampling	  as	  indicator.	  

	  
Mesic Hardwoods 

• KEA	  (mesic)	  Invasives	  
o High	  amount	  of	  invasives.	  
o Total	  displacement	  vs.	  partial	  impact	  
o %	  cover	  of	  invasive	  vs.	  native	  

• KEA	  (mesic	  )	  Structure	  
o Very	  good:	  uneven	  aged	  
o Poor:	  even	  aged	  

• KEA	  (mesic)	  biodiversity	  
o Diversity	  of	  tree	  species,	  herbaceous	  
o More	  diverse	  trees,	  shrubs,	  ground	  cover	  then	  oak	  hickory.	  	  

• KEA	  (mesic)	  Diverse/dense	  canopy	  
o Basic	  sites	  are	  more	  rich	  vs.	  acidic	  which	  is	  more	  common	  

• KEA	  (mesic)	  Basal	  Area	  
o Trees	  with	  large	  DBH	  are	  common	  over	  all	  age	  classes.	  

• KEA	  (mesic)	  Disturbance	  
o Would	  not	  consider	  fire	  a	  KEA,	  but	  does	  happen	  once	  and	  awhile	  and	  is	  where	  the	  

fire	  tends	  to	  dip	  out.	  Tend	  to	  be	  in	  a	  “fire	  shadow”.	  Natural	  fire-‐break	  unless	  there	  is	  
an	  extreme	  drought.	  	  

o Are	  not	  as	  affected	  by	  drought	  as	  oak-‐hickory	  as	  they	  have	  richer	  and	  wetter	  soils.	  	  
o Deer	  would	  affect	  these	  environments	  as	  well	  (and	  deer	  are	  most	  likely	  broadly	  

applicable	  across	  habitats).	  Need	  to	  decrease	  deer	  populations.	  
 
Threats 

• Might	  want	  to	  expand	  on	  recreational	  issues	  b/c	  uplands	  undergo	  large	  amounts	  of	  land	  
conversion	  and	  human-‐use.	  

• Not	  sure	  that	  pollution	  is	  a	  big	  enough	  issue	  compared	  with	  the	  other	  threats.	  GET	  RID	  OF	  
IT.	  
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o Increased	  CO2	  emissions	  would	  be	  the	  only	  thinkable	  impact	  
• Fire	  exclusion	  should	  be	  the	  direct	  threat	  (through	  suppression	  and	  obstacles	  in	  the	  way	  of	  

burning).	  
o Prescribed	  burns	  to	  mimic	  nature	  
o EPA	  standards	  

• Pine	  straw	  Raking-‐	  lack	  of	  public	  education	  and	  knowledge	  about	  the	  effects	  (is	  an	  indirect	  
threat).	  

o 	  Really	  only	  effects	  long-‐leaf	  pine	  plantations	  in	  these	  upland	  communities.	  	  
• Habitat	  loss-‐	  Does	  illegal	  logging	  take	  place	  in	  the	  upland	  habitats	  (besides	  timber	  theft)?	  	  

o Is	  there	  really	  a	  lack	  of	  BMP’s	  in	  uplands,	  more	  of	  a	  lack	  of	  willingness	  to	  implement	  
BMPS?	  BMPS	  can	  have	  different	  meaning	  based	  on	  if	  it	  refers	  to	  wildlife	  BMPs	  or	  
forestry	  BMPS.	  REMOVE	  BMP’s	  altogether!	  

o Clear-‐cutting	  is	  somewhat	  a	  natural	  event	  in	  these	  upland	  communities.	  One	  way	  to	  
recover	  from	  decades	  of	  fire	  suppression.	  More	  common	  though	  that	  oak-‐hickory	  is	  
clear	  cut	  and	  pine	  plantations	  are	  then	  planted	  in	  its	  place.	  	  

o Expanding	  timber	  lands	  is	  what	  causes	  natural	  lands	  to	  be	  converted	  to	  
agriculture/silviculture	  and	  natural	  and	  ag/silvicultural	  lands	  converted	  to	  
urban/commercial/industrial.	  	  

• Invasive	  species/exotics-‐	  diseases	  and	  pathogens	  (need	  more	  research	  on	  resilience).	  	  	  
o Monoculture	  planting	  
o Thick	  stands	  
o Global	  trade	  is	  the	  main	  issue,	  customs	  can’t	  inspect	  everything	  that	  is	  coming	  over.	  	  
o Highgrading-‐	  people	  are	  removing	  the	  best	  quality	  trees	  and	  leaving	  the	  trash.	  	  
o Regulation	  of	  exotic	  plant	  nurseries.	  
o Biofuels	  industry	  should	  be	  in	  there	  because	  they	  are	  spreading	  some	  known	  

invasive	  species.	  	  
o Lack	  of	  funding	  for	  research	  especially	  those	  that	  have	  no	  timber	  value.	  	  
o Wilt	  disease	  killing	  bays-‐	  needs	  more	  research	  

• Inappropriate	  Recreation-‐	  Big	  emphasis	  on	  upland	  habitats.	  	  
• Changes	  in	  Hydrology-‐	  damming	  not	  ongoing	  

o Reservoirs	  
o Direct	  should	  be	  changes	  in	  hydrology	  
o Types:	  storm	  water	  issue	  (impervious	  surfaces),	  erosion,	  ditching	  (mesic	  and	  xeric),	  

water	  withdrawals	  (have	  lots	  of	  residential	  wells	  along	  with	  reservoirs).	  	  
o Get	  rid	  of	  “due	  to	  development”	  part	  of	  the	  direct	  threat.	  

• Wildlife	  population	  imbalance-‐	  Not	  really	  lack	  of	  predators	  (as	  we	  have	  a	  lot	  of	  meso-‐
predators)	  but	  more	  of	  an	  imbalance	  (specifically	  lacking	  large	  mammal	  predators).	  	  	  

o Poaching	  of	  butterflies,	  herps?	  (ginsing/herbal	  industry)?	  
 
November 20th, 2012 
Miradi Mapping of Threats  
Invasive Species 

• Cultural	  preferences	  make	  certain	  invasive	  desirable.	  	  
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• Make	  orange	  box	  talking	  about	  moving	  of	  infested	  stock	  (include	  firewood	  under	  this	  and	  
could	  pertain	  to	  woodchips	  or	  pine	  needles	  under	  this).	  Can	  include	  this	  as	  an	  impact	  to	  
wetlands	  as	  well.	  	  

Inappropriate Recreation 
• It	  affects	  everything	  but	  not	  at	  the	  same	  level	  for	  each	  of	  the	  ENSEVA	  region	  upland	  

habitats.	  
• Lack	  of	  public	  knowledge	  should	  be	  linked	  to	  trampling/degrading	  of	  sensitive	  areas.	  	  
• Add	  an	  orange	  box	  talking	  about	  unauthorized	  harvest	  of	  wild	  species	  	  
• Change	  trampling/degrading	  of	  sensitive	  areas	  to	  natural	  areas?	  	  

o Should	  there	  be	  another	  box	  that	  encompasses	  widespread	  degradation	  vs.	  
trampling?	  Include	  in	  recreational	  overuse.	  	  

• Link	  recreational	  overuse	  to	  lack	  of	  public	  education	  and	  knowledge	  

Changes in Water Table 
• No	  real	  change.	  But	  when	  ranking	  make	  sure	  impacts	  to	  early	  successional	  is	  not	  very	  great.	  

Wildlife Population Imbalance/Poaching of plants and animals 
• Need	  to	  make	  note	  that	  white-‐tailed	  deer	  abundance	  is	  not	  necessarily	  high	  throughout	  the	  

entire	  state.	  	  
• Create	  a	  box	  about	  Mismanagement	  of	  herds	  by	  land	  managers	  that	  talks	  about	  how	  some	  

hunt	  clubs	  support	  the	  culture	  of	  not	  shooting	  does	  and	  state	  parks	  prohibiting/not	  
supporting	  hunting	  (especially	  in	  more	  urban	  state	  parks).	  

• Add	  box	  about	  recreational	  interest	  in	  harvesting	  plants	  and	  animals.	  Not	  always	  for	  a	  
financial	  incentive.	  	  

• Wondering	  how	  diseases	  cause	  an	  overpopulation	  of	  wildlife?	  	  Perhaps	  it	  should	  be	  titled	  
disease	  transmission,	  but	  get	  rid	  of	  white-‐nose	  and	  focus	  on	  diseases	  that	  spread	  due	  to	  
over-‐dense	  populations?	  Change	  to	  epidemic	  diseases?	  Pine	  bark	  beetles	  should	  be	  included	  
under	  epidemic	  diseases	  as	  these	  are	  natural	  pests	  but	  lack	  of	  fire	  and	  other	  management	  
has	  caused	  an	  increase	  in	  their	  populations.	  	  

o Arrow	  should	  point	  from	  diseases	  to	  imbalance	  of	  wildlife	  	  
	  

Threat	  Rankings	  (scope,	  severity,	  irreversibility)	  

Threat: Poaching of plants and animals  
• Oak	  hickory:	  low,	  low,	  low	  
• Mesic	  forests:	  medium	  (due	  to	  ginseng	  and	  medicinal	  herbs),	  low,	  low	  
• Xeric	  hardpan	  forests:	  low,	  low,	  low	  
• Longleaf	  forests:	  medium,	  low,	  low	  

o 	  (think	  we	  need	  to	  throw	  in	  herps	  as	  different	  target,	  just	  focus	  on	  threats	  to	  system	  
as	  a	  whole)	  

• Early	  successional	  habitats:	  low,	  low	  low	  
• Granitic	  rocks:	  low,	  low,	  low	  	  

o (uncertain	  about	  the	  extent)	  
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• Summary:	  low	  

Threat: Wildlife population imbalance 
• Oak	  hickory:	  high,	  medium,	  medium	  

o Deer	  are	  overpopulated	  throughout	  the	  scope	  but	  oak	  hickory	  forests	  are	  not	  good	  
for	  deer	  due	  to	  lack	  of	  understory.	  However,	  you	  do	  see	  browse	  lines.	  Debate	  on	  if	  
the	  scope	  should	  be	  high	  or	  medium.	  	  

o Reversibility	  takes	  more	  than	  5	  years,	  takes	  education,	  new	  policies,	  so	  should	  be	  
medium	  not	  low.	  	  

• Mesic	  forest:	  High,	  medium,	  medium	  
• Xeric	  hardpan	  forest:	  high,	  medium,	  medium	  
• Longleaf	  pine:	  low,	  low,	  low	  
• Early	  successional:	  low,	  low,	  low	  
• Granitic	  outcrops	  and	  glades:	  low,	  low,	  low	  
• Summary:	  medium	  

Change in Water Table 
• Oak/hickory:	  low,	  low,	  low	  
• Mesic	  forests:	  low,	  high,	  medium	  

o Since	  moistures	  drives	  these	  forest	  types	  it	  depends	  on	  how	  long	  the	  water	  is	  gone	  
• Xeric	  hardpan	  forests:	  high,	  high,	  medium	  

o Ditching	  is	  more	  of	  the	  threat.	  Unsure	  about	  what	  is	  the	  water	  table.	  Surface	  water	  
and	  ground	  water.	  

• Longleaf	  Pine:	  low,	  low,	  low	  

Fire Exclusion 
• Oak/hickory:	  very	  high,	  high,	  medium	  

o Does	  this	  apply	  to	  condition?	  If	  the	  resources	  were	  there	  then	  it	  could	  be	  dealt	  with.	  	  
• Xeric	  hardpan	  forests:	  very	  high,	  medium,	  medium	  
• Longleaf	  pine:	  medium,	  high,	  medium	  
• Early	  successional:	  low,	  DO	  NOT	  THINK	  FIRE	  EXCLUSION	  IS	  A	  THREAT,	  DISCONNECT	  

o May	  not	  even	  be	  a	  threat	  b/c	  if	  early	  successional	  there	  is	  some	  level	  of	  disturbance.	  
You	  need	  some	  disturbance	  but	  not	  necessarily	  fire.	  Should	  be	  change	  direct	  threat	  
to	  “disturbance”	  instead	  of	  “fire	  exclusion”?	  	  

Inappropriate Recreation 
• Oak/hickory:	  low,	  high	  (for	  those	  areas	  that	  are	  impacted),	  medium	  
• Mesic	  forests:	  low,	  high,	  medium	  

o Seems	  like	  more	  erosion	  might	  take	  place	  in	  a	  mesic	  forest	  over	  an	  oak/hickory?	  
Would	  it	  take	  more	  time	  to	  recover?	  

• Xeric	  forests:	  low,	  high,	  medium	  (?	  Uncertain	  about	  irreversibility)	  
• Longleaf	  Pine:	  low,	  high,	  medium	  

o Might	  be	  more	  easily	  restored	  than	  the	  other	  systems?	  Wiregrass.	  	  
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• Early	  successional:	  DO	  NOT	  THINK	  INAPPROPRIATE	  RECREATION	  IS	  A	  THREAT,	  
DISCONNECT	  

• Granitic	  rocks:	  high,	  very	  high,	  high	  

Incompatible Pine straw Production 
• Longleaf	  pine:	  medium,	  high,	  medium	  

Habitat Loss 
• Oak/hickory:	  High,	  very	  high,	  very	  high	  
• Mesic	  forests:	  High,	  very	  high,	  high	  

o Are	  pretty	  productive	  and	  tend	  to	  restore	  faster	  (unless	  you	  are	  talking	  about	  land	  
converting	  to	  houses).	  Should	  clear	  cutting	  be	  included	  in	  habitat	  loss?	  	  

• Xeric	  hardpan:	  medium,	  high,	  high	  
o Big	  problem	  is	  fragmentation.	  Fragmentation	  is	  a	  different	  threat.	  

• Longleaf	  Pine:	  high,	  high,	  high	  
• Early	  Successional:	  medium,	  medium,	  low	  	  

o UNHOOK	  LINK	  BETWEEN	  EARLY	  SUCCESIONAL	  TO	  HABITAT	  LOSS??	  
o Not	  much	  of	  it.	  An	  artificial	  habitat	  and	  probably	  the	  rarest	  in	  our	  scope.	  
o For	  some	  game	  species,	  and	  grassland	  birds	  it	  is	  important.	  	  
o Not	  naturally	  limited	  in	  extent	  but	  factors	  are	  not	  contusive	  to	  new	  ones.	  	  

Invasive Species/Exotics 
• Oak/hickory:	  high,	  medium,	  high	  
• Mesic	  forests:	  high,	  high,	  high	  

o Severity	  might	  be	  worse	  because	  you	  have	  some	  really	  bad	  invasives	  like	  
microstegium	  

• Xeric	  hardpan	  forests:	  low,	  low,	  medium	  
o Only	  thing	  they	  have	  seen	  is	  bush	  honeysuckles	  

• Longleaf	  Pine:	  low,	  low,	  low	  	  
o The	  only	  caveat	  is	  cogon	  grass.	  Early	  detection	  is	  necessary.	  Will	  be	  extremely	  

problematic.	  
• Early	  Successional:	  very	  high,	  high,	  medium	  
• Granitc	  rocks	  and	  glades:	  high,	  medium,	  medium	  

Fragmentation 
• Oak/hickory:	  high,	  high,	  high	  

o Increase	  in	  edge	  effects	  
• Mesic	  forests:	  high,	  high,	  high	  
• Xeric	  forests:	  medium,	  high,	  high	  
• Longleaf	  pine:	  high,	  high,	  high	  
• Early	  successional:	  medium,	  medium,	  medium	  

o Size	  sometimes	  impacts	  use	  by	  bird	  species	  
o Should	  ES	  and	  fragmentation	  be	  linked?	  
o Uncertainty	  with	  the	  severity	  	  
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• Granitic	  rock	  and	  glades:	  SHOULD	  BE	  DISCONNECTED	  FROM	  FRAGMENTATION	  

Developing Conservation Target Goals and Objectives 
Goal is an ultimate state that is feasible by a certain time.  

• Limited	  by	  the	  potential	  land	  limits	  (and	  other	  parameters)	  for	  each	  habitat	  
• Goal	  could	  be	  to	  identify	  the	  potential	  locations	  for	  restoration	  

Longleaf Pine Ecosystem Goals 
• Goal	  1:	  Add	  all	  conservation	  partners	  

o Define	  pine	  ecosystem	  (condition)	  
o Introduce	  fire	  
o See	  a	  problem	  with	  this	  goal	  because	  it	  is	  a	  condition	  that	  we	  want.	  Management	  of	  

different	  components	  
o Include	  metric	  for	  condition	  
o Focus	  restoration	  areas	  around	  existing	  LL	  systems	  

• Extra	  Goal:	  Expand	  partnerships	  to	  outside	  groups	  via	  outreach	  and	  education	  put	  on	  public	  
forefront.	  

• Like	  the	  two	  goals	  that	  had	  previously	  been	  created	  
• Goal	  2:	  Include	  research	  to	  increase	  understanding	  of	  patch	  sizes,	  wildlife,	  ground	  cover	  

restoration	  (best	  ways,	  being	  done	  by	  USFWS	  and	  America’s	  longleaf).	  	  
o How	  can	  we	  help?	  

	  

Overall Goal: High quality forest/habitats 
o Objective;	  baseline	  condition	  

**How do we know success when we get there with upland habitats as uplands are where 
development occurs? According to Pete: Not necessarily  interested in making each one of these 
habitats a reserve (so they can be under multiple types of ownership and protection) but 
ENSEVA is looking for appropriate spatial aggregation, connectivity, and buffering (including 
the human element). The final goal for the uplands has to assume that there is human aspect. 
Maybe find core areas of ecological value and protect them without putting them in a vacuum. 
There will not be exact numbers of these habitats which is the goal. It has to be more fluid than 
that. Overall, ENSEVA is looking to have good representation/biodiversity of all these 
conservation targets on the landscape that are functioning because they are in a decent condition 
and connected. Want to ensure there are enough of these habitats on the upland landscape and 
that they are sustainable over time and resilient to future anthropogenic factors and climate 
change.  
 
Oak-hickory Goals 

• Decrease	  de-‐fragmentation	  (threat),	  too	  much	  edge,	  want	  large	  connected	  segments.	  
• Maps	  (identify	  the	  large	  high	  quality	  habitat)	  
• Identify	  key	  areas	  or	  connectivity	  
• Patch	  size	  
• Contact	  Steve	  Hall.	  	  
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• What	  species	  are	  of	  interest?	  Would	  determine	  patch	  size	  necessary	  (ex.	  Large	  mammals	  
like	  bears,	  but	  these	  animals	  are	  not	  necessarily	  specific	  to	  oak	  hickory).	  What	  species	  are	  
oak-‐hickory	  specific?	  What	  is	  the	  largest	  extent	  for	  these	  species?	  

• What	  width	  between	  patches	  is	  suitable?	  
• Goal:	  Increase	  high	  quality	  areas	  of	  oak-‐hickory	  for	  wildlife	  

o Want	  to	  know	  how	  much	  (acres	  overall	  as	  a	  goal)	  
o Condition-‐	  we	  want	  more	  good	  habitat	  (look	  at	  forest	  inventory).	  

• How	  does	  edge	  effect	  play	  a	  role?	  Even	  if	  you	  have	  100	  acres	  it	  is	  not	  truly	  100	  acres	  of	  pure	  
oak-‐hickory	  as	  there	  are	  components	  of	  edge	  effect.	  	  

• What	  is	  the	  spatial	  context?	  
• How	  should	  we	  burn	  oak-‐hickory	  forests?	  

***Overall want the same goal for these habitats. We want enough, in the right place and 
of high quality. Everything else is objectives.  

o Should	  mention	  something	  about	  the	  protected	  species	  of	  these	  habitats	  and	  to	  have	  
sustainable	  populations	  of	  these	  species.	  	  

Granitic Outcrops 
• No	  way	  to	  really	  increase	  the	  habitats.	  We	  know	  where	  they	  are	  and	  we	  want	  to	  protect	  

what	  is	  left.	  	  
• Hardpan	  has	  same	  goal-‐	  Protect	  all	  of	  what	  is	  left.	  We	  want	  a	  buffer	  and	  we	  want	  to	  restore	  

them.	  	  
• Increase	  public	  awareness	  about	  outcrops	  and	  decrease	  graffiti.	  	  
• Work	  with	  planners	  to	  prevent	  them	  from	  becoming	  residential	  targets.	  

Early successional  
• What	  do	  we	  really	  want	  out	  of	  early	  successional	  habitats?	  Do	  not	  want	  to	  convert	  old	  

forests	  to	  early	  successional	  but	  also	  is	  a	  decrease	  in	  these	  habitats.	  	  
• How	  much	  is	  out	  there?	  How	  much	  of	  this	  is	  under	  concern?	  	  

o Probably	  in	  wildlife	  action	  plan	  
• Will	  most	  likely	  blink	  in	  and	  out,	  accept	  varying	  amounts	  in	  different	  locations	  in	  different	  

times.	  	  
• Interested	  in	  both	  early	  successional	  plants	  and	  wildlife	  	  

o Look	  at	  PIF,	  Quail	  unlimited	  to	  get	  an	  idea	  of	  how	  much	  of	  this	  habitat	  you	  want.	  
• You	  used	  to	  have	  to	  rotate	  crops	  and	  let	  them	  lie	  but	  now	  that	  we	  have	  high	  grade	  fertilizers	  

and	  pesticides	  you	  don’t	  need	  to	  do	  it.	  Also	  used	  to	  be	  more	  farms	  on	  the	  landscape.	  Lower	  
amounts	  of	  fallow	  fields	  and	  farms.	  	  

• Can	  also	  reference	  SAMBI,	  contains	  patch	  sizes	  relative	  to	  certain	  avian	  species	  and	  other	  
information	  that	  can	  be	  pulled	  right	  into	  this.	  	  
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Barrier	  Islands	  Systems	  Workshop	  1	  Agenda	  (Jan	  29-‐30,	  2013)	  
Welcome and thank you for joining us.  The purpose of this workshop is to elicit expert 
knowledge relevant to barrier island systems within eastern North Carolina and southeastern 
Virginia. This information will provide the foundation for the development of a comprehensive 
strategic habitat conservation plan. This workshop will follow the Open Standards for the 
Practice of Conservation framework.  Our specific goals for this workshop are to: 1) define 
conservation targets of conservation of upland environments, 2) identify the key ecological 
attributes and indicators of those targets, and 3) identify threats.  
 
TUESDAY 

  9:00   INTRODUCTIONS  
 
9:15 OVERVIEW OF THE EASTERN NORTH CAROLINA, SOUTHEASTERN VIRGINIA STRATEGIC 

HABITAT CONSERVATION TEAM (ENCSEVA) 
 

  9:30   WORKSHOPS GOALS AND DESCRIPTION OF PLANNING FRAMEWORK AND DATA 
COLLECTION 

 
10:30  DEFINE THE GEOGRAPHIC SCOPE AND  VISION OF SUCCESS FOR BARRIER ISLAND 

ENVIRONMENTS WITHIN ENC SEVA ECO-REGION 
 
11:15  DEFINE CONSERVATION TARGETS AND KEY ECOLOGICAL ATTRIBUTES 

Conservation Targets: species, ecological communities, ecological system(s)/habitat(s), 
or ecological process(s) chosen to represent and encompass the full suite of biodiversity 
in the project area for place-based conservation or the focus of a thematic program. 
 
KEAs: an aspect of a target's biology or ecology that if present, defines a healthy target 
and if missing or altered, would lead to the outright loss or extreme degradation of that 
target over time.  

 
12:00  Lunch  
 
1:00   Continue with CONSERVATION TARGETS AND KEY ECOLOGICAL ATTRIBUTES 
 
4:00   Adjourn  

 
 
 

WEDNESDAY 
9:00   Review of previous day’s discussion  

 
10:00  Continue with Key Ecological Attributes (KEAs) and indicators  

 
12:00  Lunch  
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1:00   Define threats to conservation targets 

Threats: Impaired aspects of conservation targets that result directly or indirectly from 
human activities (e.g., low population size, reduced extent of forest system; reduced 
river flows; increased sedimentation; lowered groundwater table level).  

  

4:00   Adjourn 
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Barrier	  Islands	  Systems	  Workshop	  2	  (Feb	  14-‐15,	  2013)	  
Welcome and thank you for joining us!  The purpose of this workshop is to confirm the accuracy 
and analysis of previous discussions as well as to elicit relevant information and expert 
knowledge to aide in the development of strategies and recommendations for the conservation of 
Barrier Island environments within the ENCSEVA geographic boundary.  Our specific goals for 
this workshop are to review key ecological attributes (KEAs), threat relationships and rank 
threats, develop strategies and results chains.  
 

THURSDAY 
  9:00 – Review conservation targets, KEAs, and indicators (see provided tables) 
 Conservation targets: A limited suite of species, communities, and ecological systems 

that is the focus of conservation and chosen to represent and encompass the full array of 
biodiversity found in a project area. They are the basis for setting goals, carrying out 
conservation actions, and measuring conservation effectiveness.  
KEAs refer to an aspect of a target's biology or ecology that if present, defines a healthy 
target and if missing or altered, would lead to the outright loss or extreme degradation of 
that target over time. 
Indicators are measurable entities related to a specific information need (for example, 
the status of a target, change in a threat, or progress towards an objective). A good 
indicator meets the criteria of being: measurable, precise, consistent, and sensitive.  

10:30 - Review and causal relationships between indirect threats, direct threats, and 
conservation targets. 
A direct threat is an anthropogenic activity which directly degrades one or more 
conservation targets (shown in conceptual model as a pink square) 

An indirect threat is a driver or cause of one or more direct threats (shown in 
conceptual model as an orange square).  
A biological stress is an impaired aspect of a conservation target that results directly or 
indirectly from human activities (e.g., low population size, reduced extent of forest 
system; reduced river flows; increased sedimentation; lowered groundwater table level). 
Generally equivalent to a degraded key ecological attribute (e.g., habitat loss).  

12:00 – WORKING LUNCH 
12:30 - Rank direct threats within Miradi 
1:00 – Review conservation target goals and potential objectives. 

Goals are linked to your project’s conservation targets and represent the desired status 
of the targets over the long-term – they are formal statements of the ultimate impacts 
you hope to achieve.  A good goal meets the criteria of being linked to targets, impact 
oriented, measurable, time limited, and specific. Goals help develop a clear idea of what 
is meant to be accomplished through actions. 
Objectives are formal statements of the desired outcome within a results chain – they 
represent milestones to determine if the implementation of strategies are achieving the 
desired results and hence moving towards achieving goals. 

  3:00 Introduce strategies and results chains  
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Strategies are broad courses of action designed to restore natural systems, reduce 
threats, and/or develop capacity. A strategy is typically used as an umbrella term to 
describe a set of specific conservation actions.  
A Results Chain is a sequence of linked factors in a diagram. A "Factor Chain" in a 
conceptual model shows the state of the world before you take action. A "Results Chain" 
shows the expected outcomes from the implementation of a strategy. Chains thus 
represent the assumptions you are making about your project site.  

FRIDAY 

  9:00 – Develop Results Chains   
 
12:00 - LUNCH 
  1:00 – Prioritize strategies in terms of Potential Impact and Feasibility within Miradi.  

Potential Impact - If implemented, will the strategy lead to desired changes in the 
situation at your project site?  
Very High - The strategy is very likely to completely mitigate a threat or restore a 
target.  
High - The strategy is likely to help mitigate a threat or restore a target.  
Medium - The strategy could possibly help mitigate a threat or restore a target.  
Low - The strategy will probably not contribute to meaningful threat mitigation or target 
restoration.  

*Note that there are at least two dimensions being rolled up into this rating: probability 
of positive impact and magnitude of change.  

Feasibility - Would your project team be able to implement the strategy within likely 
time, financial, staffing, ethical, and other constraints?  
Very High - The strategy is ethically, technically AND financially feasible.  
High - The strategy is ethically and technically feasible, but may require some 
additional financial resources.  
Medium - The strategy is ethically feasible, but either technically OR financially difficult 
without substantial additional resources.  
Low -The strategy is not ethically, technically, OR financially feasible.  

 
 
4:00 – Dismiss 
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Barrier	  Island	  Core	  Team	  Workshop	  II,	  Meeting	  Notes,	  Feb	  14-‐15,	  2013	  
Attendees:  Aaron McCall, Louise Alexander (facilitator/lead), Brian Van Druten, Kristen , John 
Stanton, Susan Lingenfelzer, Kathryn Owens (notetaker). 
 
Feb 14 
Review of goals for team and meeting and accomplishments from Workshop I. 
 
Review of conservation targets, KEAs, and indicators 
Barrier Island Landforms:  Barrier island (BI) landforms provide valuable wildlife habitat and 
interior coast line protection from severe storm events.  This conservation target includes inlets, 
beaches, overwash fans, dunes, and mud and sand flats as well as the geomorphic processes 
which influence islands movement and migration. 
 
Buffer widths – do we have this defined for different areas?  Pete Peterson commented on this.  
Last meeting discussion resulted in not wanting BIs to be too narrow.    
• Dr.	  Jesse	  McNiche	  –	  Duck	  Research	  Pier	  (?	  Aaron	  ref)	  -‐	  Identifying	  places	  where	  erosion	  

occurring	  unnaturally	  fast,	  i.e.	  S-‐Turns	  is	  a	  prime	  example.	  	  	  
• May	  be	  knowledge	  gap	  re:	  	  erosion	  rates	  in	  different	  areas	  and	  appropriate	  buffers	  for	  

them.	  	  	  
• Need	  to	  id	  erosion	  hot	  spots	  that	  are	  ready	  to	  experience	  change	  so	  we	  don’t	  waste	  

resources	  on	  a	  changing	  landscape	  –	  need	  to	  allow	  them	  to	  occur.	  	  Buffer	  will	  be	  
influences	  by	  erosion	  rates	  in	  hot	  spots.	  	  	  

• Suggest	  modify	  Goal	  1	  to	  incorporate.	  	  	  
• Brian	  –	  LiDAR	  data	  available.	  
 
Timeframe – is there a planning window for this to fit under?  This goal should be set in 
perpetuity - no end date. 
 
Parallel migration of shoreline – needs to be better defined in BI. 
 
In order for these to occur on public lands it has to happen on private lands (adjacent) – one 
affected by the other.  Thus objectives must reflect this.  CAMA (Coastal Area Management Act 
enforcers/permitting) and DOT involved in enforcement and regulating restoration/shoreline 
management. 
• Team	  mission	  states	  that	  we	  will	  work	  with	  partners,	  but	  need	  to	  incorporate	  public	  

comment	  –	  NEPA	  –	  in	  order	  for	  it	  to	  extend	  beyond	  public	  lands.	  	  Agreement	  to	  include	  
outreach	  and	  education	  to	  reach	  private	  sector	  without	  determining	  strategies	  for	  
private	  lands.	  

• As	  we’re	  looking	  at	  strategies,	  if	  we	  can’t	  do	  tactics	  because	  of	  cost	  or	  permitting	  issues,	  
then	  private	  sector	  will	  take	  easier	  route	  (i.e.	  bulkheading).	  	  We	  need	  to	  set	  an	  example	  
and	  pave	  the	  way/break	  down	  the	  barriers	  to	  doing	  the	  right	  thing.	  	  The	  private	  lands	  
are	  very	  much	  a	  part	  of	  the	  overall	  picture	  and	  need	  to	  see	  how	  it	  can	  and	  should	  be	  
done.	  

 
Sea turtle nesting habitat (terrestrial habitat) 
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low aspect – need better definition to reflect specific slope/erosion potential etc. used in nest 
relocation determinations.  Dennis Stewart can provide details. 
Objective 2 – false crawl to nest ratios – how much control do we have over this?  Knowledge 
gap exists on what causes false crawls.  Could be width of beach, light disturbance, predation, 
weather, etc. 
• This	  is	  a	  measure	  of	  anthropomorphic	  disturbances,	  but	  is	  it	  the	  best	  we	  can	  do?	  
• Adaptive	  plan	  –	  so	  can	  use	  this	  metric	  and	  monitor/research	  to	  start	  and	  see	  if	  it	  fits	  

best.	  
• Better	  to	  break	  it	  down	  to	  the	  factors	  that	  go	  into	  false	  crawl	  disturbances	  –	  light	  

pollution.	  	  It’s	  a	  more	  precise	  measurement.	  
• Different	  areas	  have	  different	  factors	  –	  public	  beaches	  =	  light	  and	  noise	  pollution;	  

protected	  beaches	  =	  weather,	  predation,	  etc.	  
We	  don’t	  have	  influence	  over	  many	  of	  these	  measures	  of	  success.	  
• Could	  propose	  average	  #	  of	  nests	  over	  a	  time	  period	  to	  deal	  with	  this.	  
• Predation	  –	  include	  nest	  predation	  and/or	  nest	  loss	  –	  not	  much	  control	  over	  these;	  

however,	  do	  have	  control	  over	  anthropogenic	  loss	  (vehicles,	  trespass,	  poaching).	  	  May	  
want	  to	  add	  anthropogenic	  loss	  to	  this.	  	  Refuges	  do	  capture	  this	  data.	  
	  

ACTION:	  	  	  
• Need	  to	  define	  what	  high	  quality	  sea	  turtle	  nesting	  habitat	  
• tease	  out	  false	  crawl:nesting	  ratio	  metric,	  	  
• talk	  with	  Dennis	  Stewart	  and	  Randy	  Swilling,	  and	  state	  contacts	  (Ruth	  Boettcher	  &	  NC	  

contact)	  
• spatial	  data	  gap	  is	  being	  filled	  and	  can	  be	  accessed	  (Brian)	  
 
Barrier Island dependent Birds 
Enabling natural habitat processes is main contribution we can make. 

• Anthropogenic	  influences	  can	  be	  considered	  as	  well.	  
 
Louise will meet with bird officionados for more info… 
 
Can we tease out just our area vs the whole state? 

• ENCSEVA	  incorporated	  approximately	  95%	  so	  just	  included	  all.	  
	  
Strike	  feral	  cats,	  raccoons	  and	  change	  to	  avian	  and	  mammalian	  predators.	  
 
Disagree with “Feral cats are the primary conservation challenge for barrier island birds” – 
different in various locales. 
 
Are we going to discuss how much intervention we would do to improve habitat quality? 

• In	  support	  of	  earlier	  objectives	  to	  allow	  natural	  processes	  to	  occur.	  
• Add	  bullet	  –	  restoration	  and	  habitat	  enhancement	  are	  objectives	  as	  well.	  	  Should	  go	  

along	  with	  sea	  turtles	  and	  all	  others.	  	  Room	  for	  intervention	  where	  needed.	  
 
Maritime Grassland and Forest Communities 
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Changed name hoping that forest communities would include early successional scrub/shrub 
habitats and be more encompassing.  Need to highlight the forest communities as being 
important. 

• Are	  these	  swales?	  
• Maritime	  forests	  happen	  on	  BI.	  	  Grassland	  areas	  are	  overvegetated	  BI	  areas.	  
• Not	  overlook	  maritime	  forests	  in	  Onslow	  Bight	  (sp?)	  area	  

 
Re:  Pete’s comment – there are three major maritime forests, ie. Kitty Hawk Woods, Buckston 
Woods, Nags Head Woods.  Grasslands mainly Park Service lands. 
 
Maritime Forest Invasives – Phragmites, laurel bay wilt coming (invasive coming from Japanese 
beetle – needs monitoring), Russian/Autumn Olive are just a few.  Need more fire, decrease 
disturbance, management. 

• Need	  monitoring	  and	  management.	  
• Component	  with	  mature	  forests	  that	  requires	  more	  enforcement	  of	  incompatible	  

uses,	  i.e.	  horseback	  riding,	  off-‐road	  vehicle	  use,	  duck	  hunting	  pruning,	  etc.	  
• And	  include	  education/outreach.	  
• Urban	  interface	  affects	  people’s	  perception	  of	  what	  is	  legal	  and	  how	  it’s	  enforced.	  	  

Need	  buy-‐in	  and	  appreciation.	  
• Non-‐native	  mammals	  –	  feral	  hogs,	  nutria,	  feral	  horses.	  
• Deer	  carrying	  capacity	  should	  be	  determined	  –	  there	  are	  management	  practices	  in	  

effect.	  
 
Artificial dune stabilization – suggest more specificity, i.e. restoration plantings species – need to 
be careful what is planted. 

• Outreach/education	  to	  partners	  important	  for	  this	  reason.	  
 
Review and causal relationships between indirect threats, direct threats, and conservation 
targets 
Oil Spills 
Definitely impact Maritime grassland and forest. 

• Susan	  may	  be	  able	  to	  find	  data	  from	  oil	  spills	  in	  VA	  (not	  recent	  occurrence).	  
 
Add Vessels and pipelines to off-shore rigs. 

• Ripple	  effect	  of	  drilling	  =	  shoreline	  hardening,	  vessel	  traffic,	  pipelines,	  etc.	  
• This	  applies	  to	  all	  industry,	  i.e.	  alternative	  energy.	  	  Need	  to	  incorporate	  these	  

associated	  threats.	  
• Ideally	  we	  focus	  on	  current	  and	  present	  threats,	  but	  oil	  spills	  are	  imminent	  so	  

should	  include.	  	  Can	  include	  energy	  development	  to	  catch	  all.	  
• Oil	  lease	  decisions	  are	  made	  every	  5	  years.	  
• Turbines	  may	  lead	  to	  concentrated	  traffic	  and	  result	  in	  greater	  frequency	  of	  

collisions.	  
 
Biological Stress 

• With	  energy	  development	  addition	  –	  add	  Bird	  mortality.	  
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• Will	  add	  info	  on	  wind	  turbines.	  
• Offshore	  drilling	  for	  oil	  and	  gas	  –	  will	  keep.	  

	  
Beach	  Debris	  
Cause	  –	  	  house	  structures	  (decks,	  boardwalks,	  etc)/houses.	  	  Some	  people	  do	  not	  remove	  
dilapidated	  houses	  until	  they	  receive	  their	  insurance	  coverage	  which	  results	  in	  beach	  
debris.	  	  Also	  storm	  events,	  decks,	  etc.	  

• Add	  residential	  and	  commercial	  debris.	  
• Sand	  fences,	  Christmas	  trees,	  etc.	  that	  are	  misplaced	  or	  washed	  out/up.	  

	  
Should	  this	  be	  beach	  debris	  or	  just	  debris?	  	  Keep	  as	  is	  since	  BIs.	  
	  
Add	  wash	  up	  of	  cruise	  ship	  or	  other	  debris,	  lost	  cargo.	  

• Additional	  human	  disturbance	  that	  results	  –	  metal	  detectors.	  
 
Lack of Enforcement – extensive area makes enforcement/response difficult. 

• Also	  lack	  of	  enforcement	  by	  true	  sense	  –	  not	  enough	  officers	  to	  cover	  area.	  
 
Dumping – garbage, furniture, etc. 
 
Light pollution 
Lighting ordinances – FL plan effective and will be referenced. 
 
Non-point Source Pollution 
Development of more roads? 

• Improvements	  to	  make	  them	  wider,	  more	  visible,	  gutter	  pans,	  etc.	  
• Storm	  water	  run-‐off	  –	  opposite.	  	  Water	  being	  impounded	  because	  of	  too	  much	  

development	  and	  nowhere	  to	  go,	  and	  impacting	  wildlife	  habitat.	  
• Change	  to	  increased	  maintenance	  and	  transportation	  system.	  

 
Biological Stress – not just habitat degredation, will get nutrient loading. 

• And	  pathway	  to	  invasives.	  
• Move	  nutria	  to	  invasive	  exotics.	  
• Lower	  fitness	  of	  species	  that	  are	  exposed	  to	  contaminants,	  especially	  amphibians.	  	  

Esp	  hormone	  loading.	  
 
Invasives and Exotics 
Raccoons - Wildlife population imbalance or Invasives? – thinking of raccoons and over-
predation.  Keep under Wildlife population imbalance. 
 
Effect all targets. 
 
As we see species shift with climate change – how will we manage for them?  Exotic?  New 
natives… 
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Since list feral cats, do we need to include others?  Include feral hogs, horses, red fox, coyotes? 
• Outreach/education	  applies	  across	  the	  board,	  so	  suggest	  listing	  as	  mammalian	  

invasives.	  
• Categorize	  by	  impacts	  and	  by	  terrestrial,	  aquatic,	  and	  mammalian.	  	  Different	  drivers.	  	  

Strategies	  are	  very	  different.	  
• Invasives	  can	  change	  processes	  on	  an	  island	  –	  i.e.	  Phragmites.	  

 
Incompatible recreation 
Trespassing 
Lack of Enforcement and resources 
Education/outreach 
Flying of kites/Kite boarding 
 
Wildlife population imbalance 
Changed name to:  Excessive predation (native and non-native species), but agreed to switch 
back. 
Domestic geese – eat SAVs, take up habitat from migratory birds. 

• Usually	  falls	  under	  nuisance	  wildlife	  category.	  Including	  vultures.	  
• Increased	  ticks/fleas	  result	  from	  deer/small	  rodent	  population	  imbalance.	  

Impact Maritime as well through deer. 
 
Inappropriate habitat manipulation – beach armouring 
Rewording:  Improper dredging where distributing along dune lines example…might need to be 
broader than just beach armoring. 

• Artificial	  Alteration	  of	  habitats	  –	  beach	  renourishment,	  beach	  armoring,	  jetties,	  sand	  
bagging,	  inlet	  management	  or	  lack	  thereof,	  beach	  disposal	  

• When	  manipulating	  is	  incompatible	  or	  unsustainable.	  
• Louise	  will	  work	  on	  wording.	  

	  
Affects	  all	  targets.	  
	  
Freshwater	  aquifer	  extraction	  
Is this the threat or does it get to the threat? 

• Talk	  to	  Reid	  Corbit	  at	  ECU	  –	  Coastal	  Studies	  Institute	  –	  252-‐341-‐8310.	  
• Not	  pulling	  from	  the	  freshwater	  aquifers	  they	  used	  to,	  but	  if	  pull	  too	  much	  get	  

saltwater	  intrusion	  in	  some	  places	  and	  freshwater	  marshes/sedges	  in	  duneswale	  
areas	  are	  where	  you	  would	  see	  effects.	  	  Will	  change	  plant	  structure	  and	  island	  birds.	  

 
Affects Maritime grassland and forest as well as Barrier Island landforms. 
 
Point-source pollution 
Desalinization Plants - reverse osmosis water plant discharge – saltier water, temperature 
changes. 
 
Things to consider - all ditches with outfalls have invasives, salt water coming up, vegetation 
type changes. 
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Stormwater outfalls. 

1. Turbidity,	  SAV	  factors…CSI,	  Corey	  has	  looked	  at	  point	  source	  data	  and	  might	  have	  
more	  information.	  

 
Fire Suppression 
Maritime grassland and forest communities. 
 
Indirect threat that deals with the knowledge of the role of fire.  Some believe that overwash and 
other issues have to do with burning.  Lack of awareness of role and impact of fire on the 
landscape. 
 
Presence of Eastern Red Cedar is higher than has ever been = alteration of landscape.  Not really 
invasive, but major change. 
 
Rank direct threats within Miradi 
Feb 14 - 15 
1. Inappropriate, artificial, habitat alteration 

Barrier Island landforms 
a. Scope - VH 
b. Severity – H to VH = H 
c. Irreversibility – H, but because it represents the entire landform and so many forces 

holding that at bay, might be M.  Inlets would be more difficult thus H to VH.  Because 
of reversibility (system very dynamic and can have fast recovery to natural state) = M 

 
Maritime grassland and forest community 
a. Scope – Grasslands are more impacted than other areas. M, but recommend discussion 

with Mike Schaffley.  
b. Severity – L to M.  M. 
c. Irreversibility -  

 
Barrier Island dependent Birds 
a. Scope - H 
b. Severity – H because being hammered anywhere else.  H because habitat being 

manipulated, the big thing we lose throughout the system are overwash fans which 
would be significant nesting areas if left alone. H to VH, but agree on H. 

c. Irreversibility - M 
 

Sea turtle nesting habitat 
a. Scope - H 
b. Severity – uncertain – may need to refer to another expert.  M to H.  Under current 

circumstances, M? 
c. Irreversibility - M 

 
2. Fire Suppression 

Maritime grassland and forest community 
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a. Scope – L to M, M to H.  When consider if fire allowed to operate on what % of land, 
then H.  L to M.  H. Scope large but severity low. 

b. Severity – not very H.  maritime forest L, but on grassland, M to H. Is only way to 
maintain grasslands thru fire?  Are we hanging too much on fire category?  Washover 
and saltspray or catastrophic influence can wipe it out, so L. 

c. Irreversibility – M.  With some money and time you could employ fire on grasslands.  
Doesn’t require as many resources as some others.  Catastrophic fire is a game changer. 
Process changes had greatest impact on maritime forest. 

 
3. Energy Resources development 

Barrier Island landforms 
a. Scope – Difficult because it hasn’t occurred here yet.  M – most intangible 

one…uncertain because we know it’s coming but haven’t seen it yet.  Maybe not rank in 
Scope.  Would rather score and qualify it as best guess with imperfect information.  
Depends on which component of alternative energy – wind may be minor, but oil may 
be major. Oil spills may be a threat in itself – in event of oil spill, all would be H and 
irreversibility = VH.  Overall L. 

b. Severity – L to M – inlet formation is big part (pipes, cables). L due to 10 year window. 
L. 

c. Irreversibility –  VH 
 

Barrier Island dependent Birds 
d. Scope – if infrastructure focused on inlets, then severe impact to key nesting areas and 

habitats.  L to M. Cable underground coming to shore, very little inlet development.  L. 
e. Severity - L 
f. Irreversibility – M to H because birds are mobile and can adapt. H. 

 
Sea turtle nesting habitat 

g. Scope – L – very localized. 
h. Severity – L – small scale. 
i. Irreversibility - H 

 
4. Beach Debris - didn’t score Maritime grasslands and forest because debris happening in 

different space and time. 
Barrier Island dependent Birds 

a. Scope - M 
b. Severity – H to VH – tern colony fine mesh netting trapped chicks, regular debris on 

monitored site so likely common. H 
c. Irreversibility - M 

 
Sea turtle nesting habitat 

d. Scope - M 
e. Severity - M 
f. Irreversibility - M 

 
5. Light Pollution 
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Sea turtle nesting habitat 
a. Scope – prevalent during nesting season and likely more than 50% of total nesting area, 

so H. 
b. Severity - H 
c. Irreversibility – would take a lot of education and influence to get people to want to 

reverse this.  H 
 
6. Nonpoint source pollution 
Maritime grassland and forest community communities 

a. Scope – altering plant communities.  H 
b. Severity – M 
c. Irreversibility – improvements from roads, etc. H 

 
Barrier Island dependent Birds 

a. Scope – low effect, M or H.  concensus on M. 
b. Severity – L to M. < 10% so L. 
c. Irreversibility - H 

 
Sea turtle nesting habitat 

a. Scope - L 
b. Severity - L 
c. Irreversibility – depends on what the pollution is. L 

 
7. Invasives/exotics 

Barrier Island landforms 
a. Scope – L 
b. Severity – L 
c. Irreversibility – M 

 
Maritime grassland and forest community 

a. Scope – M 
b. Severity – M 
c. Irreversibility - H 

 
Barrier Island dependent Birds 

a. Scope - H 
b. Severity – exotics aren’t wiping things out, but having significant impact. H 
c. Irreversibility – they won’t go away, we are just trying to hold the line. H 

 
Sea turtle nesting habitat 

d. Scope – L (beach vitex affects habitat) 
e. Severity – minimal record of impacts to nests from predators.  Check with NPS for their 

records.  L to M. M? 
f. Irreversibility – M because not low cost. 

 
8. Incompatible Recreation 
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Barrier Island landforms 
a. Scope – vehicle passage, although illegal, may actually help with artificial dune lines, 

but may also confine these activities which doesn’t help and allowing these activities 
will open the door to detrimental levels.  Because not very good at directing these uses 
and don’t always make good decisions. H to VH.  H 

b. Severity – depends on how you view…L to M  Considering dredging to keep inlets open 
for boat passage, but more indirect?  Beach renourishment/dredging same.  M 

c. Irreversibility – M to H: In some places need more recreation.  If allow people to 
trample dunes could broaden beaches – our protection is what keeps dunes in place and 
keeps it from naturally shifting.  Allow certain types of disturbance on artificial dunes 
and not in more natural areas – strategies.  H 

 
Maritime grassland and forest community – suggest changing to Maritime vegetation 
communities and get additional input from other experts.  All are unique and threats/risks are 
similar whether split to sub-habitat types or not. 

a. Scope – difference between grasslands and maritime forest – one is trying to regain 
(grasslands) other is trying to keep intact.  Most managed with designed hiking trails, 
gates, etc.  M 

b. Severity – across the board, once you remove it can bounce back.  Trampling by foot 
traffic, boat traffic more of concern. M 

c. Irreversibility - M 
 

Barrier Island dependent Birds 
a. Scope – Conservation agencies go to great pains to mark these areas with 

unobtrusive means and repeatedly have violations.  People do not respect closed 
area signs unless regarding safety concern to themselves. It’s a small percentage, 
but that small percentage still does it.  VH 

b. Severity - H 
c. Irreversibility - H 
 
Sea turtle nesting habitat – need additional sea turtle expert input. 
a. Scope - VH 
b. Severity - H 
c. Irreversibility - H 

 
9. Wildlife Population Imbalance 

Maritime grassland and forest community 
a. Scope – M (considering deer, horses.  Where it is, it’s bad, but range isn’t that 

extensive.) 
b. Severity – because localized = more serious/impact. H 
c. Irreversibility – shrinking of areas… strategies do-able but political sometimes 

which makes more challenging (horses). Have to maintain strategies (deer or 
horses) or will come right back – so what is reasonable commitment of resources?  
May need more than reasonable resources. M 

 
Barrier Island dependent Birds 
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a. Scope – widespread/uniform across the landscape.  H to VH. Direct impact is 
trampling of nest sites and habitat. Populations are sustaining, but it’s a matter of 
time for the sink to lead to extinction.  More beach nesting birds that are being 
listed as “of special concern” so populations are eroding.  Just above 70% so VH 

b. Severity – up to 70% so H 
c. Irreversibility – Consider developmental pressures.  Consider recent NPS actions 

to protect nesting habitat and resources required.  As long as you can give 
resources to manage, then ok but if let up will fall back so H. 

 
Sea turtle nesting habitat – Foxes primarily and maybe ghost crabs, but difficult to 
specify because not as direct an impact as others for habitat vs actual nesting 
predation.  Check with Brian and state experts. 
a. Scope – hold 
b. Severity - H 
c. Irreversibility – 
 

10. Loss of Freshwater aquifers 
Barrier Island landforms 
a. Scope - H 
b. Severity – M to H = H 
c. Irreversibility – VH 
 
Maritime grassland and forest community 
a. Scope – grassland different between this and other maritime habitats.  Freshwater 

lens is unique to different vegetation types across the board.  All need freshwater 
source. M 

b. Severity – biggest role is freshwater marshes, but this not include that.  M to H = 
M. 

c. Irreversibility - VH 
 

11. Point source pollution – includes water and air pollution 
Maritime grassland and forest community 
a. Scope – L 
b. Severity – depends on what’s discharged. M 
c. Irreversibility – very difficult to enact change of industry.  Takes regulation 

changes and enforcement. H 
 
Develop Results Chains 
Strategies 
Policies for not managing dunes to allow for overwash (DOT [state and federal], Insurance 
companies). 

! Trying to prevent anthropogenic influences that impact natural processes.   
! End result – increase occurrence of natural processes = Increase in X miles of beach 

without artificial dunes.   
! Increase beachfront conservation land. 

1. Buy-in from both public and private stakeholders/landowners. 
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2. Access to interpretation of existing data – what does research mean. 
3. Provide money incentives to remove artificial dunes. 
4. Compensation for private land conservation. 
5. Need to showcase project – other incentives beyond money, i.e. better beaches for 

recreation. 
6. Enforce existing regulations, i.e. sand bags – collected money. 
7. Working with DOT, dredging, inlets (Dennis Stewart).  DOT – alternative approaches to 

transportation and sustainability/economics of these approaches (savings in long-term, 
ferry systems, taxpayer savings, benefits to the environment).   

8. Innovative training for DOT. 
9. Determine research needs to develop transportation needs – ecosystem services. 

 
Acquire more conservation lands (acquisition/easement) so we can manage/allow processes to 
take place 

1. Identify partners – The Conservation Fund, The Nature Conservancy, Trust for Public 
Lands, state, WRC, NPS, DOD, VDGIF, DCM, local municipalities, etc. to work 
toward land protection. 

2. Identify priority conservation areas which serve to support BI targets and upslope 
migration/corridors (above Onslow Bight is lacking) 

o Above Onslow Bight prioritizations are lacking 
o Fear of sea level rise…think it’s a waste of funds. 

3. Work with stakeholders – get input to develop a prioritization  
4. Easements for beachfront properties 
5. Partner with economist/realtors to devise acquisition strategies 
6. Internal education 

o Insurance – articulate 
o Coastal insurance specific to flood insurance/storm insurance 
o CBRA – how is insurance applied 
o Gov policies towards subsidies 
o How can science inform and better support 
o incentives 

 
Alternative transportation options (refer to Policies sections re:  DOT) 

1. Prioritize/identify	  areas	  (based	  on	  targets)	  to	  employ	  alternative	  transportation.	  
2. Demonstrate	  economic	  benefits	  –	  short-‐term	  planning/goal	  setting	  vs.	  long-‐term	  

savings/benefits./cost	  analysis	  and	  feasibility	  studies.	  
3. Identify	  funding	  mechanisms	  
4. Educate	  public	  about	  feasibility	  study	  results	  –	  what	  are	  all	  viable	  alternatives	  and	  costs	  

(long	  &	  short	  term)	  
5. Generate	  public	  support	  (may	  be	  a	  funding	  support)	  and	  influence	  decision	  makers	  to	  

implement	  transportation	  alternatives.	  
 
Restoration or implementation of outside the box projects, i.e. removal of unnatural dune lines, 
spraying of sand across back of dune lines. – developing alternative solutions. 
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Incentives to develop for barrier islands – demonstrate alternatives for using natural processes 
to show disaster resiliency.  Enforcement of existing regs/policies.  Development drives a lot of 
problems. 
 Climate change = more punctuated timeline and more chronic events (sea level rise) 

• Where	  there	  is	  monitoring	  networks	  and	  data,	  provide	  to	  modelers	  and	  
interpretation,	  i.e.	  assumptions,	  confidence	  levels.	  

• Expert	  driven	  models	  (updates	  and	  interpretation)	  
o LCC	  could	  really	  help	  if	  good	  communication	  to	  provide	  more	  

informed	  models	  and	  outside	  boundary	  effects	  
! ENCSEVA	  develops	  list	  for	  SALCC	  
! List	  of	  activities	  should	  be	  bridged	  
! Reduce	  redundancy/share	  
! What	  exists	  and	  facilitate	  communication	  

 
Education 
To accomplish: 

1. Understanding	  of	  consequences	  of	  actions.	  
2. Understanding	  of	  natural	  processes	  
3. Public	  role	  in	  supporting	  targets	  (light	  and	  turtles)	  –	  also	  supports	  incompatible	  

recreation	  and	  light	  pollution	  (influence	  policy	  and	  regulations)	  
4. Engagement/influencing	  stakeholders/decision	  makers	  
5. Understanding	  of	  WHY	  we	  protect	  certain	  species	  –	  we	  monitor	  these	  species	  as	  

indicators	  
6. Role	  of	  fire	  in	  ecosystem	  
7. Volunteer/engagement	  opportunities	  
8. Increase	  public	  perception	  of	  stewardship/responsibility	  
9. Target	  kids/students	  
10. Work	  with	  graduate	  programs	  to	  evaluate	  education	  strategies	  
11. Instilling	  stewardship	  values	  
12. Develop	  public	  education	  curriculum	  focused	  on	  local	  processes	  

 
Wrap Up 
Louise will clean up strategies and send these and results chains for ranking and discussion via 
email/conference calls.  If any edits/improvements, please send to Louise. 
 
 



Appendix	  G:	  	  South	  Atlantic	  Landscape	  Conservation	  Cooperative	  Marine	  
Environment	  Conservation	  Planning	  

	  
The Eastern North Carolina/Southeastern Virginia Strategic Habitat Team (ENCSEVA) 

recognizes the marine environment as part of its geographic scope, but did not elicit expert 

knowledge for this environment during workshops. Several factors that influence the marine 

environment fall outside the ENCSEVA geography and are not subject to control through local 

management. Therefore, to address conservation planning for the marine environment we refer to 

the South Atlantic Landscape Conservation Cooperative’s (SALCC) efforts to develop natural 

resource indicators for this environment. ENCSEVA will consider adopting these indicators, 

where appropriate, within their Strategic Habitat Conservation Plan (Plan) in order to address the 

marine environment. Within this appendix we describe the process and methods SALCC used to 

develop its three indicators for the marine environment (gag grouper, abundance of red drum, 

and index of nearshore forage fish). 
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SALCC	  Process	  

In April 2012, the SALCC began the process developing a shared blueprint for landscape 

conservation actions within the region, of which ENCSEVA represents the northern third. The 

purpose of the blueprint is to create a spatially explicit map that identifies both areas and actions 

that support the region’s biodiversity (SALCC 2013). As part of this process, the SALCC is 

developing a set of indicators and targets to represent metrics of conservation success. The 

indicators and targets represent 12 ecosystems and habitat aggregates of interest (marine, 

estuarine, beaches and dunes, forested wetlands, tidal and nontidal freshwater marshes, 

freshwater aquatic, grassland/prairie, scrub-shrub, pine woodlands and savannas, upland 

hardwood forests, landscapes, and waterscapes), which are comparable to ENCSEVA’s focal 

environments. The SALCC’s goals for these ecosystems are (1) to achieve ecological integrity, 

defined as the ability to support and maintain a balanced, integrated, and adaptive community of 

organisms having a species composition, diversity and functional organization comparable to 

those of natural habitat; and (2) to ensure the persistence of species of priority conservation 

concern as identified in state, regional, and national conservation plans. 

 

Table 28.  The SALCC uses terminology differently than that used by the Open 
Standards for the Practice of Conservation.  Here we define and compare the similar 
terms with different definitions. 

Term Open Standards Terminology SALCC Terminology 
Targets Referred to as a conservation target, 

the specific species, ecological 
systems/habitats or ecological 
processes around which a project is 
focused. 

A measurable endpoint for an 
indicator 

Goal A formal statement detailing a 
desired impact of a project. In 
conservation projects, it is the 
desired future status of a target.  

A desired conservation outcome that 
is difficult to measure 

Indicator A measurable entity related to a 
specific information need (for 
example, the status of a target, 
change in a threat, or progress 
towards an objective). A good 
indicator meets the criteria of being: 
measurable, precise, consistent, and 
sensitive.  

A metric designed to quickly and 
easily provides information about the 
conditions of a system 
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 The SALCC collected information and finalized its list of candidate indicators from April 

2012 to February 2013. The SALCC began its process by compiling an initial list based on 

reviews of existing indicators and targets already identified in other regional conservation plans 

and through solicitation of expert opinion via web forums (SALCC 2013). This effort built on 

the existing work of the SALCC’s partners to create a thoroughly vetted, expertly reviewed pool 

of candidate indicators. The SALCC also elicited expert opinion to identify characteristics of 

“what makes a good indicator” by soliciting input from the partners and collaborators through 

webinars and interviews with conservation practitioners.  

 

Table 29. Indicator criteria to judge potential indicators and targets. 

Indicator Criteria Target Criteria 

Ecological Practical Social  

Ability to represent a 
variety of organisms 
and ecological attributes 
within that habitat type 
throughout a major 
portion of the LCC 

Ease of monitoring with 
existing programs and 
resources 

Ability to resonate with 
the American public 

Amount of 
overlap with 
existing plans 
and processes 

 

Sensitivity to big 
landscape threats in the 
region while having 
predictable and limited 
sensitivity to other 
factors such as natural 
variations or 
disturbances (i.e., high 
signal to noise ratio) 

Amount of overlap with 
existing plans and 
processes 

Ability to link with an 
economic value 

Potential to 
achieve the 
target 

 Ability to model 
indicator based on 
current data or existing 
projects 

Level of interest by 
public land or water 
managers 

Capacity to 
monitor the 
target 

  Level of interest by 
private land or water 
managers 

 

 

Next, the SALCC finalized an indicator process, which resulted in the formation of a 

selection and a revision team. The selection team was tasked with gathering expert input and 
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recommending indicators and associated targets to the SALCC Steering Committee, while the 

revision team worked to recommend a process for evaluating and revising the selected indicators 

for future years. Ultimately, the revision team identified three specific criteria to evaluate 

potential indicators and targets based on ecology, practicality, and social importance (see Table 

29). The ecological criteria focus on how well indicators capture key ecosystem elements and 

major landscape threats, while the practical criteria focus on the ability to monitor and model the 

indicators based on current resources and efforts. The social criteria focus on how well the 

indicators resonate with a wide variety of audiences capable of changing the landscape.  

The selection team identified potential indicators not captured in the crosswalk of 

existing plans and gathered input from key audience groups to score potential indicators based on 

the criteria and launched an online survey and began targeted expert interviews, allowing key 

audiences to score the potential indicators. These audiences included multi-scale conservation 

and natural resource management groups such as the Albemarle Pamlico Sound National Estuary 

Program, the Atlantic Coast Joint Venture, the Department of Defense, state natural resource 

agencies, and neighboring landscape conservation cooperatives within the national network.  

Based on the recommendations and findings of the selection and revision teams, the 

SALCC chose three indicators for each ecosystem. This list of final indicators is based on 

detailed input from 235 experts in marine, freshwater, and terrestrial resources in the South 

Atlantic region and nine experts representing all five adjacent LCCs. This input includes 197 

online reviews, feedback on opportunities for sharing indicators across LCC boundaries from all 

adjacent Landscape Conservation Cooperatives, input from regional partnerships (e.g., Atlantic 

Coast Joint Venture, Southeast Aquatic Resources Partnership, Atlantic Coast Fish Habitat 

Partnership, Southeast Partners in Amphibian and Reptile Conservation, Albemarle-Pamlico 

National Estuary Partnership), phone interviews with 18 local experts, and integration of all 

feedback and final recommendations by the selection team.  

 

Marine	  Ecosystem	  Indicators	  

Specific to the marine ecosystem, the SALCC defines the scope as spanning the mouth of 

the estuary, or the splash zone affected by breaking waves, to the 200-mile exclusive economic 

zone in the central ocean. The three marine indicators are abundance of gag grouper, abundance 
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of red drum, and index of nearshore forage fish (see Table 30). The ENCSEVA team will adopt 

these three indicators and adapt the targets to reflect ecoregional goals within the Plan. 

 

Table 30. Marine indicators as selected by SALCC and the ideal target condition for 
those indicators. 

Indicator Target 

Abundance of gag grouper: Gag grouper provide an indicator 
of hard bottom habitat condition in state and federal waters, 
are relatively well monitored, and resonate with a diversity of 
audiences. The intention is for this indicator to evolve to an 
index that covers the overall snapper/grouper complex. 

Increase spawning stock by 10% 

Abundance of red drum: Red drum provides an indicator of 
nearshore ocean bottoms, is well monitored, and resonate 
with a diversity of audiences. 

Increase spawning stock by 
10% 

Index of nearshore forage fish: This index provides an 
indicator of the prey base for larger fish, seabirds, and 
marine mammals, is well monitored, and resonates with a 
diversity of audiences. Species include: Atlantic croaker, 
spot, star drum, brief squid, and whiting (Menticirrhus 
americanus). 

Catch Per Unit Effort (CPUE) for 
all species remains within 1 
standard deviation of historic 
mean 
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