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INTRODUCTION 

The purpose of the PREP Integrated Research and Monitoring Plan (hereafter, “the Plan”) is to list and 
prioritize the most critical research and monitoring activities with the goal of tracking the status and 
trends of key biological resources as well as understanding the trends; “understanding” is critical for  
developing appropriate management actions. The plan is also intended to lead to increased integration 
of work and consolidation of resources. The scientific activities are driven by the goals of the PREP  
Comprehensive Conservation and Management Plan (CCMP). (The CCMP can be accessed at: 
https://scholars.unh.edu/prep/22/). 

The first Monitoring Plan for PREP was published in 2004 and last updated in 2008. (Accessible at: 
https://scholars.unh.edu/prep/71/). Since then, new data programs have been initiated; others have been 
terminated, and our understanding and questions about our estuaries have evolved.  PREP manages or 
supports some of these programs, but many are led and supported financially by state and federal 
partners or non-governmental organizations.  It is PREP’s role to facilitate these partnerships and regularly 
synthesize, analyze, and report on science activities relevant to the management of our estuaries. This 
new Plan provides an opportunity to re-engage scientists and stakeholders around its cooperative 
implementation. 

Rather than revise or polish the previous plan, PREP has elected to take a step back and approach the ew 
RAMP from a fresh perspective. Following examples from other successful estuary programs, this process 
starts with Goals, proceeds to Questions (both monitoring and research questions) and then to Methods. 
Finally, we include a Priorities step at the end so that new resources can be more efficiently allocated, and 
so we can tackle problems in a logical chronological order. 

This plan focuses on five foci that are strongly featured in the CCMP; however, not everything in the 
CCMP is represented in this Plan. Rather, we have chosen five subjects that have considerable 
“leverage,”: that is, to address these subjects necessitates addressing other issues of significant import. 
The five foci are: fish; shellfish; salt marsh; eelgrass; and humans. Issues and scientific activities not 
addressed by focusing on these five subjects are likely to be addressed in Plan addenda in the future. 

See the following page for an illustration of the phased approach with an approximate timeline and 
salient process notes. 
 

Process Notes for the May 2020 Draft 

The first four sections (Shellfish, Eelgrass, Salt Marsh and Fish) were all reviewed, voted on and approved 
by the PREP Technical Advisory Committee (TAC) at a virtual meeting held April 20. The “Humans” 
section is expected to be approved by the TAC by early July, either electronically via an additional virtual 
meeting. 
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RAMP APPROACH TO GOALS 

The CCMP (https://scholars.unh.edu/prep/22/) was published in 2010 after considerable stakeholder 
input. For the development of the RAMP, PREP has decided not to re-negotiate established goals, such 
as the goal to increase oyster abundance in the Great Bay Estuary to 10 million oysters; we do not feel 
that we have the data to justify increasing or decreasing established numerical goals. However, we do 
feel it’s appropriate to recommend additional goals needed to better restore and protect estuarine 
resources. Using oysters as an example, we recommend that some measure of oyster “productivity” be 
added as a goal so that we can then develop scientific questions and methods to address these goals. 
The theme of adding “productivity” as a central concern pervades many of the recommendations in this 
document. 

 

Overarching Goals 

The TAC co-chairs recommend that PREP articulate an “overarching goal” that is short, ambitious and 
easily understood. More detailed and nuanced goals can be added, both for the whole ecosystem as well 
as for each individual focus area (e.g., fish, salt marsh, etc.). After several meetings with technical experts 
with different specializations, several themes emerged around the overarching goal: 

• Although it seems arbitrary, the overarching goals and sub-goals need to reference a point in 
time in recent history; starting this period in the early 1970s made the most sense since many 
data collection programs began in the 70s and 80s. 

• Consider using multiple goal statements at various levels of scale, so the statements are more 
digestible. 

• The sub-goals need to recognize that some changes are inevitable; therefore, goals should be 
ambitious but recognize that some species shifts will occur no matter what management steps 
are taken. 

 

Draft Overarching Goal Statements 

Highest Level Goal 

We strive for a balanced, productive ecosystem of indigenous aquatic species and habitats. 

Sub-Goal 1 

We focus in particular on the following non-human resources: shellfish, eelgrass, salt marsh and fish. We 
strive for these resources to be as abundant and productive as they were at their respective peaks during 
the period beginning in the early 1970s and extending to the present day. 

 Sub-Goal 2 

We also focus on humans. In that regard, we strive to have fish and shellfish that are safe for human 
consumption as well as clean water that is safe for swimming. 

More specific goals for the five “resources”—shellfish, eelgrass, salt marsh, fish and humans—can be 
found in the specific resource sections that follow. 
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THE PLAN’S USAGE OF CONCEPTUAL AND ECOSYSTEM MODELS 

This plan will use general conceptual models and more detailed ecosystem models. These models serve 
several purposes, including: 

• Communicating to stakeholders which ecosystem components are under consideration and how 
they relate to each other; 

• Organizing and prioritizing data needs and gaps; 
• Providing a quantitative method for understanding potential impacts of certain management 

actions. In other words, when we have enough data, we can use quantitative models to better 
understand how different components could impact each other.  

*Note that using conceptual models doesn’t preclude other analytical tools (e.g., statistical modeling). 

Each of the five resources will have its own general and detailed models. The model below is the most 
general model, illustrating the five focus areas and major stresses upon those components. 

 

Figure 1. Conceptual model showing five focus areas of the RAMP. Blue arrows indicate an “increasing effect” 
while black arrows indicate a “decreasing effect.” (E.g., Humans can have a negative impact on eelgrass 
through pollution, while eelgrass has a positive effect on humans through storm buffering.) Not all 
relationships are indicated by arrows in order to minimize visual complexity. Note that stressors on the left 
and right of the model are less amenable to management. The stressors on the top and bottom of the model 
are the same and are considered more amenable to management. More detailed conceptual models will 
accompany each focus in this Plan—shellfish, eelgrass, salt marsh, fish and humans. 
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SHELLFISH 
This section focuses on the “Eastern Oyster” (Crassostrea virginica) in Great Bay Estuary and soft-shelled 
clam (Mya arenaria) in Hampton-Seabrook Estuary. Other species of shellfish, including mussels, different 
species of oyster and clam as well as lobsters and horseshoe crabs will be addressed in future addenda to 
the RAMP. 

Goals Specific to Oysters and Soft-Shell Clams 

- From CCMP 

1. Increase the number of adult clams in the Hampton-Seabrook estuary to 5.5 million 
clams by 2020. (In 2018, there were less than 2 million clams.) 

2. Increase the abundance of adult oysters at the six documented beds in the Great Bay 
Estuary to 10 million oysters and restore 20 acres of oyster reef habitat by 2020. (In 
2016, it was estimated that we had 2.8 million oysters. With regard to restoration, 
more than 20 acres of restoration “footprint” has occurred, but restoration activities 
have not all been successful. More monitoring is required to determine the amount 
of oyster reef currently present.) 

- Additional Goal Recommendations 

a) Add a productivity metric for both oysters and clams. The metric should encompass 
different aspects of productivity such as: larval production, settlement, survival to 
adult stage, with the goal that the resource is more self-sustaining. 

Reminder: Goals/metrics around safety for human consumption—which could 
include legacy and emerging toxic contaminants, biotoxins and bacteria—will be 
addressed in the “Humans” section. 

 

OYSTER MONITORING AND RESEARCH QUESTIONS 

Approach to Reaching Above Goals 

Management actions (e.g., modification of harvest regulations; restoration; aquaculture, etc.) are currently 
underway or under consideration. The key question is: Should current management actions be continued, 
discontinued, modified or added to? 

 

Monitoring Questions are presented below on a spectrum from Level 1 to Level 3. 

Level 1 = Monitoring questions catalyzed by simplest conceptual model (see Figure 2). 

Level 2 = Monitoring questions catalyzed by detailed conceptual model (see Figure 3).  

Level 3 = Questions based on detailed model that require preliminary investigation before becoming 
monitoring or research questions; or, questions that call for time-limited, discrete research projects. 
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**Note** The levels are not prioritization tiers; they simply provide an organizational scheme for making 
sure all factors are addressed. When we prioritize, we may find that the highest priority activities are a mix 
of Level 1, 2 and 3 activities. 

 

Current and potential management actions and their impacts must be considered in relation to factors 
amenable to management (e.g., harvest regulations, restoration, sediment management) versus factors 
that are less amenable to management (e.g., warming waters, acidification, etc.). Therefore, science 
activities need to consider both kinds of factors and how they relate to each other. 

 

Some current management actions include: 

- Oyster Restoration 

- Aquaculture (producing additional larvae) 

- Substrate Addition 

- Nutrient and Sediment Reduction (Non-Point and Point) 

 

Some potential management actions include: 

- Increased nutrient and sediment reduction efforts. 

- Increased restoration experimentation and monitoring. 

- More coordination with seagrass restoration efforts. 

- Improved shoreline management. 
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Figure 2. Simplest conceptual model of oyster abundance/health and stressors, catalyzing “Level 1” 
questions. 

 

 

 

“Level 1” Monitoring Questions for Oysters 

 

1. What is the maximum area that is habitable by oysters? 

 

2. Are oyster abundances at natural and restored sites increasing, declining, or remaining stable?  

 

3. Is oyster productivity increasing….? 

 

4. Is water temperature increasing…? 

 

5. Is acidification increasing….?  

 

6. Is the prevalence of relevant diseases (including aquacultured organisms) increasing….?  

 

7. Is sediment loading increasing…? (CROSS CUT WITH EELGRASS) 
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8. Is sedimentation increasing…? (CROSS CUT WITH EELGRASS) 

 

9. Are harvest rates increasing….?  

 

10. Is substrate availability increasing…?  
 

*”Cross Cutting” questions apply to more than just one of the five resources. 

 

Figure 3. Ecosystem/conceptual model for oyster sustainability, catalyzing “Level 2” and “Level 3” 
questions. 
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“Level 2” Monitoring Questions for Oysters 

** For all questions below, will need to discuss spatial and temporal aspects during the “Methods” 
phase. 

 

1) Are dissolved oxygen, salinity and bathymetry increasing, decreasing or remaining the same? 

 

2) Is phytoplankton (chl-a) increasing, decreasing or remaining stable? 

 

3) Are the types and sizes of phytoplankton changing or remaining stable? For example, could use 
“size fraction” as a metric here. (note the importance of the temporal/spatial component here) 

[These first three questions are all CROSS CUTTING.] 

4) Are areas of larval retention changing or remaining stable? 

 

5) Are TSS increasing, decreasing or remaining stable? (CROSS CUT WITH EELGRASS) 

 

6) Are the number and productivity of commercial aquaculture operations increasing, decreasing or 
remaining stable? 

 

7) Are bottlenecks at various stages of recruitment (larval production, settlement, survival, etc.) 
changing or remaining stable? 

 

8) Is disease tolerance increasing, decreasing or remaining stable? 

 

* Methods Note: During the “methods” phase of the Plan development, we should discuss in detail 
issues related to how often certain variables need to be monitored. Several scenarios may apply, such as: 

- Lots of data exist; need only to check-in every few years to see if patterns have changed. 

- Less data exists; need to monitor annually at high temporal resolutions before backing off to 
the above level. 
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“Level 3” Questions/Activities for Oysters 

* Note: We expect more questions to be added to this list during the “Methods” discussions, since 
exploratory research is often necessary to determine most appropriate methods for some questions. 
Also, spatial and temporal aspects for questions below need to be worked out. For each question, it will 
be important to suss out spatial and temporal variability and proceed accordingly to reduce uncertainty. 

 

- Understanding difference in productivity of sanctuaries versus “open for harvest” areas. 

- Consider experimenting with additional harvesting regulations. 

- Continue to develop and improve restoration plan for oyster habitat in Great Bay Estuary, 
building on Nature Conservancy work. 

- Continue to test and monitor best methods for restoration of oyster reefs (e.g., vertical profile, 
spat on shell, etc.). 

- Based on recruitment studies, investigate mechanisms that have the greatest impacts on key 
recruitment bottlenecks. 

- How do we include feedbacks from other bio resources (e.g., more oysters lead to less chl-a and 
less TSS; more fish leads to more grazing of epiphytes; more carbon from eelgrass feeds fish 
drivers, etc.) CROSS CUTTING! 

- Can we use hatchery-raised oysters to address disease-related bottlenecks? 

- How much of TSS involves resuspended sediments versus new sediments from riverine or ocean 
or wastewater sources? CROSS CUTTING! 

- Develop a nutrient budget specific to subtidal habitats (e.g., oysters and eelgrass). 
CROSS CUT WITH EELGRASS 

- Develop a sediment budget specific to subtidal habitats (e.g., oysters and eelgrass). 
CROSS CUT WITH EELGRASS 

- What do we know about the impact of green crabs and other predators on oyster reefs? CROSS 
CUT!  

- How can seagrass and oyster folks work better together to find common ground? (Use 
Kenworthy’s NC case study; Brad may also have some good ideas) 

- Lit review and follow up: what is the impact of toxic contaminants (including microplastics) on 
oysters? (Use GulfWatch to understand what concentrations might be.) 

- Is there an amount of recovery that creates a tipping point so that the recovery becomes self-
reinforcing? CROSS CUT! 

- Should we have a monitoring program for kelp due to its role as habitat for shellfish? CROSS CUT 
WITH FISH 
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Figure 4. Simplest conceptual model of clam abundance/health and stressors, catalyzing “Level 1” 
questions. 

 
 

“Level 1” Monitoring Questions for Clams 

** For all questions below, will need to discuss spatial and temporal aspects during the 
“Methods” phase.  

 

1) What is the maximum area that is habitable by clams? 

 

2) Is substrate availability increasing…? 

 

3) Is the location and size of clam flats changing and, if so, how? 

 

4) Are clam abundances at natural sites increasing, declining, or remaining stable?  

 

5) Is clam productivity (quality/sustainability) increasing….?  
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6) Is water temperature increasing…? CROSS CUTTING 

 

7) Is acidification increasing….? CROSS CUTTING 

 

8) Is the prevalence of relevant diseases (including aquacultured organisms) increasing….?  

 

9) Is sediment loading increasing…? CROSS-CUTTING 

 

10) Is sedimentation increasing…? CROSS-CUTTING 

 

11) Are harvest rates increasing (counts of clammers on flats, etc.)? 

 

12) Is clam predation (by green crabs and other animals) increasing…? 

 

  



 

13 
 

Figure 5. Detailed ecosystem/conceptual model of clam abundance/health and stressors, catalyzing  

“Level 2” and “Level 3” questions. 

 

 

“Level 2” Monitoring Questions for Clams 
** For all questions below, will need to discuss spatial and temporal aspects during the 

“Methods” phase.  

 
1) Are dissolved oxygen, salinity and bathymetry increasing, decreasing or remaining the same? 

 

2) Is phytoplankton (chl-a) increasing, decreasing or remaining stable? 

 

3) Are the types and sizes of phytoplankton changing or remaining stable? (note the importance of 
the temporal/spatial component here) 
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4) Are areas of larval retention changing or remaining stable?  

 

5) Are TSS increasing, decreasing or remaining stable? (CROSS CUT WITH EELGRASS) 

 

6) Are bottlenecks at various stages of recruitment (settlement, survival, etc.) changing or remaining 
stable? 

 

7) Include impacts of human harvesting of clams on the population (re-word later) 

 

* Methods Note: During the “methods” phase of the Plan development, we should discuss in detail 
issues related to how often certain variables need to be monitored. Several scenarios may apply, such as: 

 

- Lots of data exist; need only to check-in every few years to see if patterns have changed. 
- Less data exist; need to monitor annually at high temporal resolutions before backing off to the 

above level. 
 

 

 

 

 

“Level 3” Questions/Activities for Clams 

* Note: We expect more questions to be added to this list during the “Methods” discussions, since 
exploratory research is often necessary to determine most appropriate methods for some questions. 

- Beginning with modeling perhaps, consider experimenting with additional harvesting regulations 
and/or predator-exclusion/aquaculture a la Brian Beal. 

- Review Brian Beal recruitment studies. Do we need to investigate mechanisms that have the 
greatest impacts on key recruitment bottlenecks, for our estuary compared with his work in 
Southern Maine? 

- Sediment map/budget for H-S estuary 

- What is the age structure of the clams at H-S estuary? 
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- Experiment with different incentives/methods for removing green crabs. (talk to Gabby Bradt & 
Manomet Center in Massachusetts) 

- Lit review and follow up: what is the impact of toxic contaminants on clams? (use GulfWatch to 
understand what concentrations might be) 

 

EELGRASS 

Goals Specific to Eelgrass 

- From CCMP 

1. 2900 acres of eelgrass (greater than 10% cover.) 

The 2019 assessment indicated under 1700 acres of eelgrass. 

- Recommendation for New Goal Statements Related to Abundance/Health 

1. Establish goals for separate zones of the Great Bay Estuary:  

▪ Great Bay 

▪ Little Bay 

▪ Lower Piscataqua River 

▪ Upper Piscataqua River 

▪ Coastal Areas (inc. Portsmouth Harbor)* 

2. Establish an abundance (e.g., percent cover, density, biomass) benchmark and goal 
for these same areas** 

 

* These sections are based on hydrodynamic designations from Bilgili et al. 2005. Note that the zones 
penetrate up the tributaries roughly between 1 and 3 miles, depending on dams and head of tide 
locations. 

 

**Note: Use SeagrassNet sites at Portsmouth Harbor and Great Bay for more detailed causal 
investigations of patterns seen at the more spatially expansive scales. This approach reflects “Tiered 
Monitoring” approach from Neckles et al. 2012. 

 

EELGRASS MONITORING AND RESEARCH QUESTIONS 

Approach to Reaching Eelgrass Goals 

Management actions (e.g., nutrient and sediment reductions; restoration) are currently underway or 
under consideration. Understanding that we will need to make decisions without certainty*, the key 
question is: Should current management actions be continued, discontinued, modified or added to? 
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* The complex and dynamic nature of ecosystems stymie cause and effect certainty. The TAC 
recommends using multiple lines of evidence to create a suite of options indexed to how protective the 
Piscataqua Region wants to be with regard to estuarine ecosystems. 

 

Monitoring Questions are presented below on a spectrum from Level 1 to Level 3. 

Level 1 = Monitoring questions catalyzed by simplest conceptual model (see Figure 6). 

Level 2 = Monitoring questions catalyzed by detailed conceptual model (see Figure 7).  

Level 3 = Questions based on detailed model that require preliminary investigation before becoming 
monitoring or research questions: or, questions that call for time-limited, discrete research projects. 

 

**Note** The levels are not prioritization tiers; they simply provide an organizational scheme for making 
sure all factors are addressed. When we prioritize, we may find that the highest priority activities are a mix 
of Level 1, 2 and 3 activities. 

 

Current and potential management actions and their impacts must be considered in relation to factors 
amenable to management (e.g., nutrient reduction, shoreline protection) versus factors that are less 
amenable to management (e.g., warming waters, more frequent extreme storms, etc.). Therefore, science 
activities need to consider both kinds of factors and how they relate to each other. 

 

Some current management actions include: 

 

- Nutrient and sediment reduction efforts from point (improvements and upgrades) and non-
point sources (new stormwater practices, etc.) 

- Buffer protection.  

- Land conservation. 

 

Some potential management actions include: 

 

- Increased nutrient and sediment reduction efforts. 

- Pilot-scale eelgrass restoration efforts. 

- Improved shoreline management. 

- Improved invasive species (e.g., green crab, etc.) management. 

 



 

17 
 

Figure 6. Simple model of eelgrass abundance/health and stressors, catalyzing “Level 1” questions. 

 

 

“Level 1” Monitoring Questions for Eelgrass 

 

1. What is the maximum area that is habitable by eelgrass, based on bathymetry, light, etc.?  

 

2. Is eelgrass (and Ruppia) acreage overall and in each of the five areas of the estuary increasing, 
declining, or remaining stable? 

 

3. Is abundance (e.g., cover, biomass, density, deep edge) in each of the five areas of the estuary 
increasing, declining or remaining stable? 

 

4. Is water temperature in eelgrass beds in each of the five areas…? CROSS CUTTING 

 

5. Are wind (speed and direction), rain, air temperature patterns….? CROSS CUTTING 
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6. Is Sea Level Rise….? CROSS CUTTING 

 

7. Is nitrogen and phosphorus loading (total and for each sub-watershed) increasing, decreasing or 
remaining stable? CROSS CUTTING 

 

8. Is sediment loading increasing…? CROSS CUTTING 

 

- Make sure to account for/assess resuspension of estuarine sediments 

 

9. How is shoreline hardening changing in each of the zones? CROSS CUTTING 

 

10. Is wasting disease increasing…? 

 

11. Is Ruppia distribution increasing…? 

 

12. Is light penetration increasing…? (see next model) CROSS CUTTING 
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Figure 7. Detailed conceptual model of eelgrass ecosystem (adapted from Jarvis et al. 2014), catalyzing “Level 
2” and “Level 3” questions. 

 
 
“Level 2” Monitoring Questions (starting with forcing functions and then proceeding from the upper left 
corner of Figure 7 and moving right and downwards) 

** For all questions below, will need to discuss spatial and temporal aspects during the “Methods” 
phase. Some of these questions will only be answered for specific sites where more intense monitoring 
happens. 

 

1. Is incident light and light attenuation (PAR2 and PAR3) increasing, decreasing or remaining the 
same? CROSS CUTTING 

a. Need to get assessments of these parameters at different times of the year and in at least 
3 zones (great bay, little bay, Portsmouth harbor) 

 

2. Is phytoplankton (chl-a) increasing, decreasing or remaining stable? CROSS CUTTING 

a. Need to get assessments of this parameter at different times of the year and in at least 3 
zones (great bay, little bay, Portsmouth harbor) 

 



 

20 
 

3. Are dissolved inorganic nitrogen and phosphorus (both in water column and sediments) 
increasing, decreasing or remaining stable? CROSS CUTTING 

a. Need to get assessments of these parameters at different times of the year and in at least 
3 zones (great bay, little bay, Portsmouth harbor) 

 

4. Are TSS increasing, decreasing or remaining stable? CROSS CUTTING 

a. Need to get assessments of these parameters at different times of the year and in at least 
3 zones (great bay, little bay, Portsmouth harbor)  

 

5. Is epiphyte production and biomass increasing….? 

a. Need assessments…. 

 

6. Is seaweed production and biomass increasing…? CROSS CUTTING 

a. Need assessments… 

 

7. Is production and biomass (above and belowground) of eelgrass increasing…? 

a. Need assessments…(for repro factors, prob need to look each assessment zone…may 
need to specify for other questions, too, re: the zones) 

 

8. Are the number of reproductive shoots increasing…? 

a. Need assessments… 

 

9. Are the number and viability of seeds and seedlings increasing…? 

a. Need assessments… 

 

10. What is the burial depth of seeds? Increasing…? 

a. Need assessments… 

 

11. Is sediment organic matter increasing…? CROSS CUTTING 

a. Need assessments... 

 

* Methods Note: During the “methods” phase of the Plan development, we should discuss in detail 
issues related to how often certain variables need to be monitored. Several scenarios may apply, such as: 
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• Lots of data exist; need only to check-in every few years to see if patterns have changed. 
• Less data exist; need to monitor annually at high temporal resolutions before backing off to the 

above level. 
 

 

“Level 3” Questions/Activities for Eelgrass 

* Note: We expect more questions to be added to this list during the “Methods” discussions, since 
exploratory research is often necessary to determine most appropriate methods for some questions. 
Also, spatial and temporal aspects for questions below need to be worked out. For each question, it will 
be important to suss out spatial and temporal variability and proceed accordingly to reduce uncertainty. 

 
Synthesize existing data (water quality—both grabs and sondes—and SeagrassNet) in reference 
to the model to discern what info we have and what gaps remain. CROSS CUT WITH OTHER 
FOCI  

- Look at the data we have on CDOM (or FDOM) and chl-a to determine how these components 
should be included in the model: as forcing functions or as a state variable. 

- How can we include feedback mechanisms (e.g., loss of eelgrass increases sediment 
resuspension; biogeochemical) in our model and assessments? 

- How do we include feedbacks from other bio resources (e.g., more oysters leads to less chl-a and 
less TSS; more fish leads to more grazing of epiphytes; more carbon from eelgrass feeds fish 
drivers, etc.) CROSS CUTTING 

- Should we consider developing an optical model to provide higher resolution to the model? 

- Do we have the data we need to understand whether sediment and water column nutrient levels 
are impacted by regeneration of nutrients from previous years? If so, what is our assessment of 
the contribution from regeneration? (This will be different for each of the five zones.) 

- Develop a nutrient budget specific to subtidal habitats (e.g., oysters and eelgrass). 
CROSS CUT WITH OYSTERS 

- Develop a sediment budget specific to subtidal habitats (e.g., oysters and eelgrass). 
CROSS CUT WITH OYSTERS 

- What is the relationship between tributary inputs of nutrients, organic matter and TSS and 
estuarine biological response (phytoplankton, seaweed and eelgrass)? 

- Do eelgrass shoots (in 5 different zones) show signs of sulphur intrusion? (Note Fraser and 
Kendrick 2017, showing relationship between cadmium and Sulphur metabolism.) 

- How does eelgrass leaf tissue nitrogen and CNP ratios relate to nutrient loadings and 
concentrations? (benefits of using seaweed tissue over eelgrass?) 
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- Consider using the Short et al. Nutrient Pollution Index 

- How do carbon reserves in belowground biomass relate to other variables (carbon reserves being 
an indicator of stress)? 

- Can we use genetic markers for resilience—and perhaps link this to the hydrodynamic model—to 
better understand distribution patterns and add insight into restoration priorities? (see April TAC 
transcript.) 

- Based on existing and emerging data, should we prioritize particular zones as places to prioritize 
management action? 

- How can restoration pilot-projects help us answer these questions and others? 

- How much of TSS involves resuspended sediments versus new sediments from riverine or ocean 
or wastewater sources? CROSS CUT! 

- What do we know about green crabs, invertebrate grazers and fish for these different zones… 
CROSS CUT since we know that this can have a significant impact on eelgrass? Especially with 
regard to predation on seeds. 

- How do wind and precipitation relate to TSS and other light attenuators? 

- How does hardened shoreline patterns and wind combine to impact waves and resuspension? 

- How important is it to keep track of silica, because it drives diatoms and also because it can be 
taken up as a defense mechanism to heavy metal toxicity? 

- How does the location and magnitude of fresh and cold groundwater intrusion into the estuarine 
zone relate to other variables, such as: eelgrass distribution, health, nutrients, eelgrass health? 

- Should groundwater levels be tracked as research or more regularly? ( In particular, 
look at updating the Ballestero 2004 study?) CROSS CUT WITH SALT MARSH 

- How do changing patterns in Ruppia distribution relate to changes in temperature, wind, etc.? 

- What are the feedback consequences (e.g., sediments, sediment resuspension, etc.) of 
greater amounts of Ruppia? 

- Consider how model inputs can help feed a restoration/habitat suitability model 

- How can seagrass and oyster folks work better together to find common ground? (Use 
Kenworthy’s NC case study; Brad may also have some good ideas) CROSS CUTTING 
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SALT MARSH 

Goals Specific to Salt Marsh 

- From CCMP 

1. Develop and implement a restoration program to restore Saltmarsh Sparrows to five 
currently unoccupied sites by 2020. 

(Awaiting updates on these sites.) 

Consensus recommendation to change the goal to: “Increase overall percentage of 
sparrow breeding success,” because some sites may no longer be viable. 

2. Restore or enhance an additional 300 acres of salt marsh by 2020 through removal of 
tidal restrictions or invasive species management.  

(It’s estimated less than 50 acres of this goal has been achieved.) 

- Options for Additional Goal Statements 

1. Maintain current acreage of salt marsh, (with the understanding that some marshes 
will drown but others might be able to migrate). 

 

2. Use some goal around health (e.g., high marsh to low marsh, unvegetated to 
vegetated, etc.) for both Great Bay and Hampton-Seabrook Estuaries. (Actual goal 
can be decided in “Methods” phase.) 

 

3. Include a goal around usage by wildlife (e.g., birds, fish, etc.)? (not decided) 

 

SALT MARSH MONITORING AND RESEARCH QUESTIONS 

Approach to Reaching Above Goals 

Management actions (e.g., protecting migration pathways, etc.) are currently underway or under 
consideration. The key question is: Should current management actions be continued, discontinued, 
modified or added to? 

 

Monitoring Questions are presented below on a spectrum from Level 1 to Level 3. 

 

Level 1 = Monitoring questions catalyzed by simplest conceptual model (see Figure 8). 

Level 2 = Monitoring questions catalyzed by detailed conceptual model (see Figure 9).  

Level 3 = Questions based on detailed model that require preliminary investigation before becoming 
monitoring or research questions; or, questions that call for time-limited, discrete research projects. 
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**Note** The levels are not prioritization tiers; they simply provide an organizational scheme for making 
sure all factors are addressed. When we prioritize, we may find that the highest priority activities are a mix 
of Level 1, 2 and 3 activities. 

 

Current and potential management actions and their impacts must be considered in relation to factors 
amenable to management (e.g., restoration, sediment management) versus factors that are less 
amenable to management (e.g., Sea Level Rise, storm surge, etc.). Therefore, science activities need to 
consider both kinds of factors and how they relate to each other. 

 

 

Figure 8. Simplest conceptual model of salt marsh abundance/health and stressors, catalyzing 
“Level 1” questions. 

 

“Level 1” Monitoring Questions for Salt Marsh 

**A high priority activity is extending intense monitoring from Great Bay Estuary to Hampton-Seabrook 
Estuary. 

 

1. Is salt marsh acreage increasing, decreasing, or remaining the same? (Note: We will need to keep 
track of where acres gained/lost are coming from: not just sum total of acreage.) 
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2. Is salt marsh acreage increasing, decreasing, or remaining the same? (Note: We will need to keep 
track of where acres gained/lost are coming from: not just sum total of acreage.) 

 

3. For both estuaries, is salt marsh health (metrics to be decided on later; could include veg vs 
unveg; high marsh vs low marsh; ecotone shifting, etc.) increasing, decreasing, or remaining the 
same? 

 

4. Is the rate of Sea Level Rise (for each estuary) increasing…? CROSS CUTTING 
 

5. Are storm and storm surge events increasing, decreasing or remaining stable? CROSS CUTTING 

 

6. Is development in areas that could become migration pathways (encompassing) tidal 
wetlands/brackish marsh) increasing, decreasing or remaining the same? 

 

7. Are migration pathways and migration barriers (encompassing tidal wetlands/brackish marsh) 
overall increasing, decreasing or remaining the same? (Note: this monitoring will need to be 
spatially explicit: not just sum total.) 
 

8. Is nutrient loading increasing, decreasing or remaining stable? CROSS CUTTING 

 

9. Is shoreline hardening increasing, decreasing or remaining the same? (CROSS CUT WITH 
EELGRASS, FISH, SHELLFISH) 

 

10. Are past experiments in active marsh restoration mapped, tracked, and being assessed? 
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Figure 9. Conceptual model of salt marsh ecosystem, from Cahoon et al. 2009, catalyzing “Level 2” 
and “Level 3” questions. 
 

 

 

 
“Level 2” Monitoring Questions (based on Figure 9 above) 

** For all questions below, will need to discuss spatial and temporal aspects during the “Methods” 
phase. Some of these questions will only be answered for specific sites where more intense monitoring 
happens. 

 

1) Are storm and storm surge events increasing, decreasing or remaining stable? 

 

2) Are freshwater and sediment delivery increasing, decreasing or remaining stable? CROSS CUT 
WITH EELGRASS 
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3) Are high tide extents increasing, decreasing or remaining stable? 
 

4) Are salt marsh sparrow populations increasing, decreasing, changing locations…or remaining 
stable? 

 

5) Is disturbance (from herbivory, etc.) increasing, decreasing or remaining stable? 

 

6) Is atmospheric CO2 increasing, decreasing or remaining stable? CROSS CUTTING 

 

7) Is flooding depth/duration increasing, decreasing or remaining stable? 

 

8) Is plant growth/turnover increasing, decreasing or remaining stable? 

 

9) Is sedimentation and erosion increasing, decreasing or remaining stable? CROSS CUTTING 

 

10) Is soil elevation increasing, decreasing or remaining stable? 

 

11) Is nutrient loading increasing, decreasing or remaining stable? CROSS CUTTING 

 

12) Are nutrient concentrations increasing, decreasing or remaining stable? CROSS CUTTING 

 

13) Is biomass accumulation increasing, decreasing or remaining stable? 

 

14) Is decomposition increasing, decreasing or remaining stable? 

 

15) Is subsidence increasing, decreasing or remaining stable? 

 

* Methods Note: During the “methods” phase of the Plan development, we should discuss in detail 
issues related to how often certain variables need to be monitored. Several scenarios may apply, such as: 

 

• Lots of data exist; need only to check-in every few years to see if patterns have changed. 
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• Less data exist; need to monitor annually at high temporal resolutions before backing off to the 
above level. 
 

 

“Level 3” Questions/Activities for Salt Marsh 

* Note: We expect more questions to be added to this list during the “Methods” discussions, since 
exploratory research is often necessary to determine most appropriate methods for some questions. 
Also, spatial and temporal aspects for questions below need to be worked out. For each question, it will 
be important to suss out spatial and temporal variability and proceed accordingly to reduce uncertainty. 

 
- Continue to develop and improve salt marsh restoration plans for Great Bay Estuary 

and Hampton-Seabrook Estuary building on Nature Conservancy work. 

- What areas are most appropriate for site-specific and experimental management 
practices, such as: 

- thin-layer sediment addition (what are other ways to get sediment on marsh?) 

- tax easements for allowing overwash 

- lowering terrestrial border to create migration pathways 

- …and what are the impacts of these different techniques? 

- How do we include feedbacks from other bio resources (e.g., connections between 
salt marsh, eelgrass, fish, shellfish, etc.) CROSS CUTTING 

- What do we know about the impact of green crabs and other predators (some moving 
northward, such as: fiddler and purple marsh crabs) on salt marshes? CROSS CUTTING 

- Is it possible to get salt marsh sparrows to use a new site that’s perfect for them? 

- Should groundwater levels be tracked as research or more regularly? ( In particular, 
look at updating the Ballestero 2004 study?) CROSS CUT WITH EELGRASS 

- Develop a nutrient budget specific to salt marshes. 

- Develop a sediment budget specific to salt marshes. 

- Implement a sediment-oxygen-nutrient-exchange (SONE) study. 

- Can/should various measures be collected merged into a “resilience” index? 

- What is the ongoing/future impact and/or effectiveness of past management 
techniques, e.g., ditching, etc.? 

- Should we have a monitoring program for invasives (more broadly than just green 
crabs), perhaps partnering with the BioBlitz program.) 
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FISH 

Goals Specific to Fish 

- From CCMP 

1. Restore native diadromous fish access to 50% of their historical mainstem river 
distribution range by 2020, and improve habitat conditions encountered throughout 
their life cycle. 

(This is in the process of being determined.) 

2. Document existing populations of native Eastern brook trout and protect or restore 
the integrity of the sub-watersheds that support them.  

(A good amount of documenting has occurred but less has happened in terms of 
protection, with some exceptions.) 

 

- Recommendation for Additional Goal Statements 

1. Develop productivity (in addition to abundance) goals for key migratory indicator 
species (e.g., herring, trout). 

2. Develop abundance and productivity goals around sensitive estuarine species (e.g., 
smooth flounder) that use our estuaries as nursery habitat. (One option is to fashion a 
goal statement that is general and decide on particular species at a later time.) For 
example…“Restore/maintain the abundance and productivity of key indicator 
species that use estuaries at key stages during their life cycle.” 

 

FISH MONITORING AND RESEARCH QUESTIONS 

Approach to Reaching Fish Goals 

Management actions (e.g., conservation, water quality improvements, fishway improvements, etc.) are 
currently underway or under consideration. The key question is: Should current management actions be 
continued, discontinued, modified or added to? 

Monitoring Questions are presented below on a spectrum from Level 1 to Level 3. 

Level 1 Monitoring questions catalyzed by simplest conceptual model (see Figure 10). 

Level 2 Monitoring questions catalyzed by detailed conceptual model (see Figure 11).  

Level 3 Questions based on detailed model that require preliminary investigation before becoming 
monitoring or research questions; or, questions that call for time-limited, discrete research 
projects. 
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**Note** The levels are not prioritization tiers; they simply provide an organizational scheme for making 
sure all factors are addressed. When we prioritize, we may find that the highest priority activities are a mix 
of Level 1, 2 and 3 activities. 

Current and potential management actions and their impacts must be considered in relation to factors 
amenable to management (e.g., restoration, conservation) versus factors that are less amenable to 
management (e.g., warming waters, etc.). Therefore, science activities need to consider both kinds of 
factors and how they relate to each other. 

 

Figure 10. Simplest conceptual model of fish abundance/health and stressors, catalyzing “Level 1” 
questions. 

 

 

“Level 1” Monitoring Questions for Fish 

**Questions below apply to both Great Bay and Hampton-Seabrook Estuaries. 

 

1. Are migratory (diadromous) fish counts increasing, decreasing, or remaining stable? 

2. For some species, this question should be repeated for multiple stages in life cycle: spawning 
adults, post-spawn adults, fry, juveniles 

3. For diadromous fish…we’re focused currently on herring but we also have American eel, smelt 
and sturgeon and sea lamprey. Data exist for many of these species. Need to decide which 
species will be followed. 
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4. Is the health/productivity of diadromous fish (species TBD) increasing, decreasing, or remaining 
stable? 

 

5. Are smooth flounder counts increasing, decreasing, or remaining stable? 

 

6. Consider repeating for multiple stages in life cycle: spawning adults, post-spawn adults, fry, 
juveniles 

 

7. Is the health/productivity of smooth flounder increasing, decreasing, or remaining stable? 

 

8. Are estuarine indicator species (e.g., smooth flounder) increasing, decreasing, or remaining 
stable? 

 

9. Are water temperatures and measures of coastal acidification increasing, decreasing, or 
remaining stable? CROSS CUTTING 

 

10. Is the rate of Sea Level Rise (for each estuary) increasing….? CROSS CUTTING 

 

11. Are storm frequency and magnitude increasing…? CROSS CUTTING 

 

12. Are tidal crossings, dams and other migration barriers increasing, decreasing, or remaining 
stable? 

 

13. Is habitat fragmentation increasing, decreasing, or remaining stable? CROSS CUTTING 

 

14. Is shoreline hardening increasing, decreasing or remaining the same? (CROSS CUT WITH 
EELGRASS, FISH, SHELLFISH) 

 

15. Is stormwater volume increasing, decreasing, or remaining stable? 

 

16. Are nutrient (nitrogen and phosphorus) and sediment loading increasing, decreasing, or 
remaining stable? CROSSCUT WITH OTHER FOCUS AREAS 
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17. Is TSS increasing, decreasing, or remaining stable? CROSS CUTTING 

 

Figure 11. Ecosystem/conceptual model for diadromous fish and smooth flounder, adapted from 
Castro-Santos and Letcher (2010), catalyzing “Level 2” and “Level 3” questions. 

 
“Level 2” Monitoring Questions for Fish 

** For all questions below, will need to discuss spatial and temporal aspects during the “Methods” 
phase. Some of these questions will only be answered for specific sites where more intense monitoring 
happens. 

 

1) Are estuarine habitats (e.g., mudflats, oyster reefs, salt marsh, eelgrass) critical for diadromous 
fish and smooth flounder increasing, decreasing, or remaining stable? 

 

2) Are toxic contaminant concentrations in the sediment and water column increasing, decreasing, 
or remaining stable? CROSS CUTTING 
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3) Are estuarine predators (e.g., green crabs, great blue herons, cormorants) increasing, decreasing, 
or remaining stable? 

 

4) Are salinity patterns changing or remaining stable? CROSS CUTTING 

 

5) Are impervious surfaces, sources of cold groundwater and riparian buffers increasing, decreasing, 
or remaining stable? 

 

6) Are in-stream flows increasing, decreasing, or remaining stable? 
 

7) Are stream temperatures increasing, decreasing, or remaining stable? 
 

8) Are estuarine water temperatures increasing, decreasing, or remaining stable? CROSS CUTTING 

 

9) Is the fecundity of adults increasing, decreasing, or remaining stable? 

 

10) Are metrics for bioenergetics (size and condition of fish) increasing, decreasing, or remaining 
stable? 
 
- This should apply to fish in estuarine and freshwater portion of the cycle. 

 

11) Are returning diadromous fish (adults and juveniles) increasing, decreasing, or remaining stable? 
 

 

* Methods Note: During the “methods” phase of the Plan development, we should discuss in detail 
issues related to how often certain variables need to be monitored. Several scenarios may apply, such as: 

 

• Lots of data exist; need only to check-in every few years to see if patterns have changed. 
• Less data exist; need to monitor annually at high temporal resolutions before backing off to the 

above level. 
 

 

“Level 3” Questions/Activities for Fish 

* Note: We expect more questions to be added to this list during the “Methods” discussions, since 
exploratory research is often necessary to determine most appropriate methods for some questions. 
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Spatial and temporal aspects for questions below need to be worked out. For each question, it will be 
important to suss out spatial and temporal variability and proceed accordingly to reduce uncertainty. 

 
- Continue to develop and improve fish habitat restoration plans for Great Bay Estuary 

and Hampton-Seabrook Estuary. 

- Important to track whether regional and marine dynamics are accounting for some of 
the year to year variability in fish abundance and condition. CROSS CUTTING 

- What areas are most appropriate for site-specific and experimental management 
practices, such as: 

o Bog and other wetland restoration to provide colder water habitat 
o Woody debris additions 
o Stream crossing reductions 
o Dam removal 
o Stock enhancement 
o Maintenance of minimum in-stream flows through management of withdrawal, etc. 

§ …and what are the impacts of these different techniques on fish abundance and 
health? 

- Based on recruitment studies, investigate mechanisms that have the greatest impacts 
on key recruitment bottlenecks for key species: herring, smelt, sturgeon, American eel, 
sturgeon, trout, sea lamprey. 

- Depending on resources, could include: eggs created; survival to juvie; survive 
downstream; survive to sexual maturity; etc. 

- How do we include feedbacks from other bio resources (e.g., connections between 
salt marsh, eelgrass, fish, shellfish, etc.) CROSS CUTTING WITH OTHER RESOURCES! 

- Should groundwater temperatures be tracked as research or more regularly? 

- Should we develop an index of biotic integrity specific to our estuaries? 

- Should we have a monitoring program for invasives (including but more broadly than 
just green crabs), perhaps partnering with the BioBlitz program.) CROSS CUT WITH 
SALT MARSH 

- We know green crabs are having an impact. What can we do to decrease their 
abundance? CROSS CUT WITH EELGRASS, SALT MARSH AND SHELLFISH 

- Should we have a monitoring program for kelp due to its role as habitat for fish and 
shellfish? CROSSCUT WITH SHELLFISH 
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HUMANS 

This section will focus on the following health issues: 

• Health concerns related to the consumption of shellfish, especially with regard to bacteria, 
biotoxins (from algae) but also including other toxic contaminants. 

• Health concerns related to the consumption of fish, especially with regard to toxic contaminants, 
such as mercury as well as contaminants of emerging concern. 

• Health concerns related to recreational water contact in the estuaries. 

Once these issues are addressed, it is possible that other human health issues will be tackled. 

 

Goals Specific to Humans 

- From CCMP 

1. Water quality in the Piscataqua region watersheds supports shellfish harvesting, 
recreation, wildlife, aquatic life, and drinking water consistent with the clean Water 
Act, and existing high-quality waters are maintained at 2010 conditions.  

(This is a general statement from the CCMP. It was not written to be specific to 
human health topics. For purposes of this discussion, it implies that metrics related to 
the three bullets at top of page should be no worse now than in 2010.) 

2. Improve water quality and identify and mitigate pollution sources so that additional 
estuarine areas meet water quality standards for bacteria for shellfish harvesting. 

(The “Shellfish Harvest Opportunity” metric encompasses this goal. Note, however, 
that the metric is also impacted by non-bacteria such as biotoxins. Overall, this 
metric has shown gradual improvement since 2010, with some short-term exceptions 
due to sewer infrastructure issues and/or harmful algal blooms.) 

3. Monitor and reduce loading of toxic contaminants and emerging contaminants to 
the estuaries and the ocean. 

(The above statement focuses on loading but most of PREP’s activities up to this 
point have focused on concentrations. The revised (as of 2020) CCMP notes that 
monitoring should include loading and concentration. Therefore, this plan should 
include plans to increase understanding of loadings. The CCMP also stipulates that 
monitoring will include better understanding sources of contaminants and will also 
include monitoring of shellfish tissue.) 

- Recommendation for Additional Goal Statements 

No recommendations for particular goal statements. However, the sub-group 
suggested that this section broaden its approach to the various organisms or pollutants 
that could impact human health. 
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For example, microplastics may or may not be a direct threat to humans, however, it is 
known that other contaminants adhere to the surface of microplastics. Therefore, 
microplastics should be included in this part of the Plan. 

Similarly, up to this point, biotoxins have been focused on only in terms of their 
concentration in shellfish tissue. However, some biotoxins such as cyanotoxins can harm 
human health simply through contact with water and, some studies indicate, through 
the air we breathe. 

 

HUMAN HEALTH MONITORING AND RESEARCH QUESTIONS 

Approach to Reaching Humans Goals 

Management actions (e.g., stormwater and wastewater treatment improvements, etc.) are currently 
underway or under consideration. The key question is: Should current management actions be continued, 
discontinued, modified or added to? 

Monitoring Questions are presented below on a spectrum from Level 1 to Level 3. 

Level 1 Monitoring questions catalyzed by simplest conceptual model (see Figure 12). 

Level 2 Monitoring questions catalyzed by detailed conceptual model 

 *Note: Due to the breadth of this focus area, the human health section does not have a more 
detailed conceptual model. Models for specific aspects of this focus area may be developed 
later. 

Level 3 Questions that require preliminary investigation before becoming monitoring or research 
questions; or, questions that call for time-limited, discrete research projects. 

**Note** The levels are not prioritization tiers; they simply provide an organizational scheme for making 
sure all factors are addressed. When we prioritize, we may find that the highest priority activities are a mix 
of Level 1, 2 and 3 activities. 

Current and potential management actions and their impacts must be considered in relation to factors 
amenable to management (e.g., stormwater management) versus factors that are less amenable to 
management (e.g., atmospheric deposition of toxics, etc.). Therefore, science activities need to consider 
both kinds of factors and how they relate to each other. 
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Figure 12. Simplest conceptual model of the human health stressors focused on in this phase. This 
model will link to conceptual models for the other four focus areas. 

 

 

“Level 1” Monitoring Questions for Human Health 

**Questions below apply to both Great Bay and Hampton-Seabrook Estuaries. 

**Note that many of the questions below assume that we can quantify amounts so that we can assess if 
concentrations or loading are increasing. However, in some cases, we may only be able to measure 
presence/absence. In those cases, the question will need to be reworded appropriately, perhaps to say 
“increasing in distribution” or some other alternative. 

 

1. Are pathogenic and indicator microorganisms, biotoxins and toxic contaminants in shellfish 
increasing, decreasing, or remaining stable? 

 

2. Are pathogenic and indicator microorganisms, biotoxins and toxic contaminants in water or air 
increasing, decreasing, or remaining stable? 

- (For Questions 1 and 2) Monitoring approaches will change depending on the biotoxin. For 
some, monitoring the plankton will be more practical; for other biotoxins, monitoring the 
actual toxin itself may be more practical. 
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3. Are toxic contaminants concentrations in fish tissue (increasing….? CROSS CUTTING 

 

4. Are water temperatures increasing…? CROSS CUTTING 
 

5. Is coastal acidification in increasing…? CROSS CUTTING 

 

6. Are storm frequency and magnitude increasing, decreasing, or remaining stable? CROSS 
CUTTING 

 

7. Is the atmospheric deposition of toxic contaminants increasing…?  

 

8. Are oil and other hazardous spills—or, the amount of substance from these spills—increasing…? 
 

9. Are land uses trends changing in ways that would increase, decrease or stabilize toxic 
contaminants as well as pathogenic and indicator microorganisms? CROSS CUT WITH THE 
OTHER FOUR FOCUS AREAS  

 

10. Are loadings of pathogenic and indicator microorganisms, biotoxins and toxic contaminants from 
WWTPs and septic tanks increasing…? 

 

11. Are loadings of pathogenic and indicator microorganisms, biotoxins and toxic contaminants from 
agriculture and stormwater increasing…? 

 

12. Is domestic and public/sector application of toxic substances (e.g., PFAS; PAHs, microplastics, 
etc.) increasing…? 

 

13. Are industrial discharges of contaminants increasing…? 
 

14. Are loadings from sediment disturbance events (e.g., dredging, etc.) increasing…? 
 

15. Are sediment quality indices (Sediment Triad Approach) increasing…? 
 
- Triad approach involves sediment chemistry, benthic community analysis, and toxicity tests 

(using organisms such as Ampelisca abdita, or Leptocheirus plumulosus) 
- Note that the Triad Approach is also relevant to fish and less directly to shellfish and eelgrass 

(through impacting grazers) as well. CROSS CUT WITH FISH, SHELLFISH, AND EELGRASS 
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* Methods Note: During the “methods” phase of the Plan development, we should discuss in detail 
issues related to how often certain variables need to be monitored. Several scenarios may apply, such as: 

 

• Lots of data exist; need only to check-in every few years to see if patterns have changed. 
• Less data exist; need to monitor annually at high temporal resolutions before backing off to the 

above level. 
 

 

“Level 3” Questions/Activities for Human Health 

* Note: We expect more questions to be added to this list during the “Methods” discussions, since 
exploratory research is often necessary to determine most appropriate methods for some questions. 
Spatial and temporal aspects for questions below need to be worked out. For each question, it will be 
important to suss out spatial and temporal variability and proceed accordingly to reduce uncertainty. 

 

- Synthesize existing data in reference to the model to discern what info we have and what 
gaps remain. CROSS CUT WITH OTHERS 

- Monitoring and research around land use, and land use conversion should include 
population changes. CROSS CUT WITH OTHERS 

- What concentrations of microplastics are necessary to pose a threat to human health? 

- Which biotoxins (e.g., DSP, PSP, ASP, cyanotoxins) are posing the greatest threat to human 
health? Which should be monitored most closely? How can we better manage and contain 
risks associated with these biotoxins? 

- What’s the evidence for BMAA being aerosolized around the Great Bay Estuary? How about 
Hampton-Seabrook Estuary? 

- What do we know and need to know about synergistic effects between BMAA and mercury, 
and how should that influence management actions? Are there synergistic effects between 
other biotoxins and other toxic contaminants, either legacy or emerging? 

- Do we understand the relationship between ph and toxicity of heavy metals, such as 
cadmium? How will coastal acidification impact heavy metal toxicity? (note that cadmium may 
also interfere with Sulphur processing by eelgrass, leading to sulfide toxicity) 

- Build off of DES and Paula Mouser work to develop a source and loading report similar to the 
“Great Bay Nitrogen Non-Point Source Study,” focused on key and representative toxic 
contaminants. 

- What is the impact of changing storm frequency/magnitude on bacterial concentrations in 
the water column and in shellfish? (Note: Currently, we have random sampling for shellfish—
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go out in any weather—as well as some “dry-weather” sampling. During the “Methods” 
phase, this should be discussed.) 

- How does microbial source tracking fit into this monitoring and research approach? 
 

 

 

LIST OF CROSS CUTTING QUESTIONS 
 
Applicable to All Five Focus Areas 

1. Synthesize important existing data relevant to the focus area to discern what info we have 
and what gaps remain. 

2. Confirm that we’re adequately monitoring water temperatures at the right temporal and spatial scales. 

3. Are sediment loading and sedimentation increasing, decreasing or remaining stable? 

4. Is nutrient loading (both N and P) increasing, decreasing or remaining stable? 

5. Is TSS  increasing, decreasing or remaining stable? 

6. How much TSS involves resuspended sediments versus new sediments from riverine or ocean or salt 
marsh erosion or wastewater sources? 

7. How do we include feedbacks for each resource (e.g., more oysters leads to more oysters) as well as 
feedbacks from other resources (e.g., more oysters leads to less chl-a and less TSS, which can benefit 
eelgrass, which can benefit fish, etc.)? 

8. How can the UNH CCOM Hydrodynamics Model be used add insight to questions for each of the five 
focus areas? 

9. Are demographics, land use patterns and impervious cover changing or remaining stable? 

10. How are regional and marine dynamics accounting for some of the year to year variability in key metrics 
for each of the five focus areas? 

11. Are storm and storm surge events increasing, decreasing or remaining stable? 

 

Applicable to Four of the Five Focus Areas in this Draft Plan 
12. What do we know about the impact of green crabs (and other predators) on the four resources?  

13. We know that green crabs are having mostly a negative impact on all four resources. What can we do to 
decrease their abundance? 

14. Is there an amount of recovery that creates a tipping point (for each of the four non-human focus areas) 
so that the recovery becomes self-reinforcing? 

15. Are dissolved oxygen, salinity and bathymetry increasing, decreasing or remaining the same? 

16. Is phytoplankton (chl-a) increasing, decreasing or remaining stable? 

17. Are the types and sizes of phytoplankton changing or remaining stable? For example, could use “size 
fraction” as a metric here. (note the importance of the temporal/spatial component here) 

18. How is shoreline hardening changing in the different zones of each estuary? 

19. Is light penetration increasing, decreasing or remaining stable? 

20. Should we have a monitoring program for invasives (including but more broad than just green crabs), 
perhaps partnering with the BioBlitz program? 

 

 



 

41 
 

 
  

LIST OF CROSS CUTTING QUESTIONS (cont’d) 
 
Applicable to Three of the Five Focus Areas 

21. What is the relationship between tributary inputs of nutrients, organic matter and TSS and 
estuarine biological response (phytoplankton, seaweed and eelgrass)? 

22. Do we have the data we need to understand whether sediment and water column nutrient 
levels are impacted by regeneration of nutrients from previous years? If so, what is our 
assessment of the contribution from regeneration? (This will be different for each of the five 
zones.) 

23. Is seaweed production and biomass increasing, decreasing or remaining stable? 

24. Is acidification increasing, decreasing or remaining stable? 

 
Applicable to Shellfish and Fish 

25. Should we have a monitoring program for kelp due to its potential role as habitat for fish and 
shellfish? 

26. Is acidification increasing, decreasing or remaining stable? 

27. Is sediment organic matter increasing, decreasing or remaining stable? 

 
Applicable to Salt Marsh and Eelgrass 

28. Are freshwater and sediment delivery increasing, decreasing or remaining stable? 

29. Is sea level rise increasing, decreasing, or remaining stable? 

30. Should groundwater levels be tracked as research or more regularly? ( In particular, look at 
updating the Ballestero 2004 study?) 

31. Develop a nutrient and sediment budget relevant to salt marshes and eelgrass. 

 

Applicable to Eelgrass and Shellfish 
32. Develop a nutrient and sediment budget relevant to salt marshes and eelgrass. 

 
Applicable to Fish and Salt Marsh 

33. Develop nutrient and sediment budgets for both salt marshes and eelgrass. 

 

Applicable to Fish and Humans 
34. Are toxic contaminant concentrations in the sediment and water column increasing, 

decreasing, or remaining stable? 

35. Are toxic contaminants concentrations in fish tissue (increasing, decreasing or remaining 
stable? 

36. Are the Sediment Triad indicators increasing, decreasing or remaining stable? 
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NEXT STEPS 

• Vote to appove Humans section. 
• Begin the “Methods” phase, involving small-group meetings and then a large group meeting to 

review. 
• Then, move on to “Priorities” phase, involving small-group meetings and then a large group 

meeting to review. 
• Produce draft of final document and review. 
• Begin working on addenda, including issues around lobsters, horseshoe crabs and other 

components not covered by this version of the RAMP. 

 

REFERENCES 

Bilgili A, Proel JA, Lynch DR, Smith DW and Swift MR. 2005. Estuary/ocean exchange and tidal mixing in a 
Gulf of Maine Estuary: A Lagrangian modeling study. Estuarine, Coastal and Shelf Science, 65: 607-624. 

 

Cahoon, D.R., D.J. Reed, A.S. Kolker, M.M. Brinson, J.C. Stevenson, S. Riggs, R. Christian, E. Reyes, C. 
Voss, D. Kunz. 2009. Coastal wetland sustainability. Pp. 57-72 in Coastal Sensitivity to Sea-Level Rise: A 
Focus on the Mid-Atlantic Region. J.G. Titus, lead author. Washington, DC: U.S. Climate Change Science 
Program.  

 

Castro-Santos T and BH Letcher. 2010. Modeling migratory energetics of Connecticut River American 
shad (Alosa sapidissima): implications for the conservation of an iteroparous anadromous fish. Canadian 
J. Fish. Aquat. Sci. 67: 806-830 

 

Jarvis JA, Brush MJ and KA Moore. 2014. Modeling loss and recovery of Zostera marina beds in the 
Chesapeake Bay: The role of seedlings and seed-bank viability. Aquatic Botany. 113: 32-45 

 

Neckles, HA, Kopp BS, Peterson BJ, Pooler PS. 2012. Integrating scales of seagrass monitoring to meet 
conservation needs. Estuaries and Coasts. Vol. 35, No. 1, pp. 23-46 

 

US Army Corp of Engineers. 2012. Chesapeake Bay Oyster Recovery: Native Oyster Restoration Master 
Plan. https://www.nab.usace.army.mil/Missions/Environmental/Oyster-Restoration/Oyster-Master-Plan/ 

 

 

 


