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INTEGRATING AND LEVERAGING MONITORING NETWORKS TO
SUPPORT THE ASSESSMENT OF OUTCOMES IN THE NEW BAY 

AGREEMENT

The workshop steering committee requests your participation as one of a group 
of experts who will join a discussion on identifying approaches to overcoming barriers

and aligning program objectives to develop recommendations on an integrated
regional monitoring program.
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Objectives of Workshop
1. Supporting adaptive management (including use of models and 

indicators) of the Chesapeake Bay ecosystem

2. Aligning monitoring program objectives

3. Assessing compatibility of sampling and analytical techniques

4. Highlighting where and how we can increase spatial and temporal 
resolution to monitoring networks, modifying network designs (e.g., 
networks design, operations, analyses) that supports accountability 
needs of the Partnership.

5. Product – recommendations on an integrated regional monitoring 
program that integrates across two or more programs today. 

INTEGRATING AND LEVERAGING MONITORING NETWORKS TO
SUPPORT THE ASSESSMENT OF OUTCOMES IN THE NEW BAY AGREEMENT



Adaptive Management Supporting Progress to 
Achieve Restoration Goals Established in the 

Chesapeake Watershed Agreement 2014

• Chesapeake Bay Program partners envision an 
environmentally and economically sustainable 
Chesapeake Bay watershed with clean water, 
abundant life, conserved lands and access to 
the water, a vibrant cultural heritage, and a 
diversity of engaged citizens and stakeholders.

10 Goals
31 Outcomes

Accountability Indicators
Factors affecting patterns and trends

VISION
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Conceptual model of Chesapeake Bay degradation and recovery. Page 21 in Kemp et al. 2005. Eutrophication 

of Chesapeake Bay: Historical trends and ecological interactions. Mar. Ecol. Prog. Ser. 303:1-29.

Conceptual Model of the Chesapeake Bay Ecosystem 
and Response Trajectories

Potomac River blue-greens

September 2003, Smith Point area
Photo by  Connie Goulet

Credit: Bay Journal

Credit: UMCES

Credit: UMCES

Credit: CBF
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Conceptual model of Chesapeake Bay degradation and recovery. Page 21 in Kemp et al. 2005. Eutrophication 

of Chesapeake Bay: Historical trends and ecological interactions. Mar. Ecol. Prog. Ser. 303:1-29.

The 2014 Bay Agreement Vision Expands the Conceptual 
Model of the Chesapeake Bay Ecosystem 
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Topic 
Area/Outcome

Status Needs

Water Quality • Established CBPO monitoring 
program

• Other monitoring programs 
occurring (not incorporated)

• Increases in spatial and temporal scale for use in CBPO Water 
Quality Standards

• Collaboration/data quality assurance between various water 
quality collectors

SAV Aerial surveys & ground surveys Continuation of sampling and possible collaboration

Fisheries (Fish
Habitat/Forage 
Fish/Oysters)

• Oyster restoration projects 
and monitoring

• Forage Fish and Fish Habitat 
metrics are TBD

• Some data collection 
occurring

• Oysters: Continuation of surveying in future
• Increased sampling to populate metrics of Forage Fish & Fish 

Habitat (what, where, when?)

Toxic
Contaminants

• Various samples 
taken/analyzed

• Increased spatial and temporal sampling of fish toxic 
sampling

• Database

Stream Health • Benthic sampling • Additional parameters to be considered for stream health



Indicator Development Status
Per each MS (some combined outcomes) 
(Summer 2015 M.E.)

Green Yellow Red

Fish Passage Oyster Forage Fish

SAV Forest Buffer Fish Habitat

Water Quality Tree Canopy Black Duck

Protected Lands Brook Trout Toxic Contaminants 
Research

Public Access Environmental Literacy Toxic Contaminants Policy
and Prevention

Healthy Watersheds

Citizen Stewardship

Local Leadership

Diversity

Climate Resiliency

Others: Blue Crab, Stream Health, Wetlands, Land Use 
Options, Land Use Metrics & Methods



STAC
Performance 
Assessment. 
Effectiveness of 
Management Actions.

STAR
Monitoring Network 
Design to Support 
Adaptive management.

Indicators: A summary measure that provides information on the state of, or change in, 
the system that is being measured.

STAC
What are the Current 
Conditions? Identify 
need for progress.

STAC
Identify the Impacts of 
stressors.

STAR
How do we fill 
Monitoring, Research, 
and Assessment Gaps? 
Implementation.

STAR and STAC Support of Goal Teams
L. Rubin et al. 



14 Operating Principles of the new Bay 
Agreement include: 
• Collaborate to achieve the goals and outcomes of the Agreement. 

• Maintain a coordinated watershed-wide monitoring and research 
program to support decision-making and track progress and the 
effectiveness of management actions. 

• Use place-based approaches, where appropriate, that produce 
recognizable benefits to local communities while contributing to 
larger ecosystem goals. 

• Engage citizens to increase the number and diversity of people who 
support and carry out the conservation and restoration activities 
necessary to achieve the goals and outcomes of the Agreement. 



Building 
Environmental Intelligence



Building 
Environmental Intelligence

Sustainable 
Monitoring



Agenda
• Day 1, Session 1 – Common Understanding Phase

Overview of Existing Monitoring Networks in the Choptank
River Basin related to select Chesapeake Bay Agreement 
outcomes. (Moderator: Peter Tango)

• Plenary:  Water Quality (Tom Fisher, UMCES-HPL)

• Beyond Nutrients: Factors important for understanding, 
measuring, and tracking non-tidal stream biological 
condition (Scott Stranko, MD DNR)

• SAV in the Bay – Going Beyond the “What” to the “Why” 
(Bob Orth and Ken Moore, VIMS)

• Fisheries (Bruce Vogt, NOAA)

• Toxic Contaminants – MDE Fish Tissue Monitoring Program 
(Charlie Poukish and Matthew Stover, MDE)

• EPA Ft. Meade Laboratory Capacities and Opportunities 
(Jennifer Gundersen, USEPA)

• Review: Summary and mapping of monitoring (Bill Dennison, 
UMCES-HPL)



Agenda

• Day 1, Session 2 – Participatory Challenge Phase: Barriers to Integration Exercise. 

Session 2:  Barriers to integration of these networks and initial solutions to overcome 
barriers. Prioritize and discuss the types of barriers to enhance monitoring integration 
(Moderator Bill Dennison)

Conceptionary and The List: 
• Different protocols between programs
• Unaware of what other groups are doing and need
• Different instrumentation limits
• Overcoming vested interest
• “This is how we always do it”
• Lack of aligning objectives
• Establishing the validity of data collected by others
• Lack of rewards to keep people engaged
• Database compatibility



Agenda

• Day 1, Evening Networking Dinner and Libations



Agenda
• Day 2, Session 3 – Participatory Action-Solution Phase

Session 3: Opportunities and Solutions to Better Integrating Networks 
(Moderators: Peter Tango and Mindy Ehrich).

Past efforts:
• Urban Waters Monitoring Assets 

Workshop (2014)
• Farm to Phrag: Eastern Shore 

Research Network Meeting
• Delmarva Conservation 

Partnership Meeting (Summer 
2015)

• Maryland Water Monitoring 
Council Roundtable (2016)

• Urban Waters Monitoring Assets 
Workshop II (2016)

Applying Principles for Collaboration Implications for Network Integration
Actions and Indicator Support

• Analyses to Synthesis
• Ships of Opportunity
• Piggybacking
• Leadership 
• New Partnerships 



Agenda
• Day 1, Session 1 – Common 

Understanding Phase

• Day 1, Session 2 – Participatory Challenge 
Phase: Barriers to Integration Exercise.

•

• Day 1, Evening Networking Dinner and 
Libations

• Day 2, Session 3 – Participatory Action-
Solution Phase







Agenda

Different Styles:
• Streams Roundtable (and the MWMC website)
• Baltimore Roundtable at USGS
• Delmarva Conservation Mtg. 
• NOAA Sentinel Site Cooperative
• MARACOOS
• LTER’s?
• NAWQA

Efforts for Choptank:
• Urban Waters Monitoring Assets Workshop (2014)
• Farm to Phrag: Eastern Shore Research Network Meeting
• Delmarva Conservation Partnership Meeting (Summer 2015)
• Maryland Water Monitoring Council Roundtable (2016)
• Urban Waters Monitoring Assets Workshop II (2016)





Bay Agreement

The outcomes have accountability 
indicators with common objectives

• Assess status

• Evaluate trends

• Explain patterns and trends



Monitoring Expansion Necessary



Analytical Collaborations on Indicators

Creative management product development with 
diverse data sources

DE Biological Monitoring Program 
Fairfax Co. (VA) Stream Quality Assessment Program
Frederick Co. (MD) 
Howard Co. (MD) Bio-Monitoring and Assessment Program, 
Loudoun Co. (VA) Stream Quality Assessment Program, 
Montgomery Co. (MD) Stream Protection Program,
MD Biological Stream Survey, 
NY Routine Statewide Monitoring Program, 
PA Surface Water Monitoring Programs, 
Prince Georges Co (MD) Biological Assessment 

and Monitoring Program, 
SRBC Watershed Assessment Program, 
EPA EMAP Wadeable Stream Assessment, 
EPA Mid-Atlantic Highlands Assessment, 
National Forest Service Stream Assessment, 
USGS National Water Quality Assessment Program, 
Virginia DEQ Benthic Monitoring Program, 
V CUs Interactive Stream Assessment Resource Program, 
WV Watershed Monitoring Program.

Data providers :

“Measles Map” 



Bay Watershed Health Indicators

Furthering product development: status and targeting map

Buchanan et al. 2010. Acknowledgements

“An adhoc CBP workgroup created to guide development of 
the Chessie B-IBI consisted of benthic macroinvertebrate 
experts from the six states in the watershed (New York, 
Pennsylvania, Maryland, Virginia, West Virginia, and 
Delaware) as well as federal, academic, and River Basin 
Commission partners. The authors wish to give special 
thanks to the members of the adhoc workgroup for their 
diligence in providing technical guidance and feedback: A.J. 
Smith (NYDEC), Aimee Budd (VADEQ), Bill Richardson (US 
EPA Region 3), Brian Chalfant (PADEP), Charlie Poukish 
(MDE), Dan Boward (MD DNR), Ed Reilly (NYDEC), Ellen 
Dickey (DNREC), Greg Garman (VCU), Greg Pond (US EPA 
Region 3),Hassan Mirsajadi (DNREC), Jeff Bailey (WVDEP), 
Jen Hoffman (SRBC), John Wirts (WVDEP), Kevin 
McGonigal (SRBC), Maggie Passmore (US EPA Region 3), 
Mike Fritz (EPA-CBPO), Nita Sylvester (EPA-CBPO), Peter 
Tango (USGS-CBPO),Rick Hoffman (VADEQ), Rod Kime 
(PADEP), Ron Klauda (MD DNR), Scott Stranko (MD DNR), 
Tony Prochaska (MD DNR), and Wayne Davis (EPA). Other 
members of the Chesapeake Bay Program’s Non-Tidal 
Water Quality Workgroup as well as the Indicator 
Workgroup provided input on final presentation of the 
results.”



Over 600 Watershed Organizations and counting! 

http://www.chesapeakebay.net/findabaygroup.aspx?menuitem=14797
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findings:
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Bay Watershed Health Indicators

Creative management product development with 
diverse data sources

DE Biological Monitoring Program 
Fairfax Co. (VA) Stream Quality Assessment Program
Frederick Co. (MD) 
Howard Co. (MD) Bio-Monitoring and Assessment Program, 
Loudoun Co. (VA) Stream Quality Assessment Program, 
Montgomery Co. (MD) Stream Protection Program,
MD Biological Stream Survey, 
NY Routine Statewide Monitoring Program, 
PA Surface Water Monitoring Programs, 
Prince Georges Co (MD) Biological Assessment 

and Monitoring Program, 
SRBC Watershed Assessment Program, 
EPA EMAP Wadeable Stream Assessment, 
EPA Mid-Atlantic Highlands Assessment, 
National Forest Service Stream Assessment, 
USGS National Water Quality Assessment Program, 
Virginia DEQ Benthic Monitoring Program, 
V CUs Interactive Stream Assessment Resource Program, 
WV Watershed Monitoring Program.

Data providers :

“Measles Map” 



South River Federation

A Muller. USN

Photo

D. Muller. SRF

Maryland is piloting work for Regulatory Assessments: 
South River Federation

Increasing resolution

Reducing uncertainty





We have regional examples of collaborations

• Chessie BIBI 

• MBSS using trained volunteers for sampling, sometimes analysis

• Pfiesteria monitoring involved extra samples collected at water and 
fish monitoring locations for plankton community analyses, genetics 
analyses, toxin analysis and more. 

• LTERs (VA Coast Reserve, Baltimore Ecosystem) – a fundamtental
principle of LTERs is that studies provide infrastructure upon which 
related studies can build.

• NERRs – Water quality and weather stations

• MARACOOS – 5 themes supported by the integrated networks



What We Need-> Increased Collaboration and 
Barrier Removal
More Specific Needs Identified

• What Metrics Needed?

• Where?

• When/how frequently need the sampling?

• What species? What size?

Where can we combine efforts to enhance monitoring and support improved 
environmental intelligence gathering? 

• Sharing objectives

• Alternative sampling technology 

• Additional sampling resources 



The Workshop Agenda

• Review infrastructure and programs on a select subset of Bay Agreement 
goals and outcomes. 

• Identify approaches to overcoming barriers

• Gaining commitments to combining efforts

• Highlighting where and how we can increase spatial and temporal 
resolution to monitoring networks.

• Identifying what additional parameters might be sampled and processed 
for (e.g. supporting “Factors Affecting Trends” analysis needs)

• Product – recommendations on an integrated regional monitoring program 
that integrates across two or more programs today. 



Pigeon Air Patrol! Air pollution monitoring

London, UK, 2016



FerryMon: Ferry-Based Monitoring

and Assessment of Human and

Climatically Driven Environmental

Change in the Albemarle-Pamlico

Sound System†
H A N S W . P A E R L *

K A R E N L . R O S S I G N O L

R O D N E Y G U A J A R D O

N A T H A N S . H A L L

A L A N R . J O Y N E R

B E N J A M I N L . P E I E R L S

Institute of Marine Sciences, University of North Carolina at

Chapel Hill

J O S E P H S . R A M U S

Duke University Marine Laboratory

Ships of opportunity

Data uses include:
• Event based monitoring
• Remote sensing ground trothing
• Chlorophyll a criteria assessments

ES&T, 2009. 43:7609-7613



FerryMon: Ferry-Based Monitoring

and Assessment of Human and

Climatically Driven Environmental

Change in the Albemarle-Pamlico

Sound System†
H A N S W . P A E R L *

K A R E N L . R O S S I G N O L

R O D N E Y G U A J A R D O

N A T H A N S . H A L L

A L A N R . J O Y N E R

B E N J A M I N L . P E I E R L S

Institute of Marine Sciences, University of North Carolina at

Chapel Hill

J O S E P H S . R A M U S

Duke University Marine Laboratory

Adding Tech to Ships of Opportunity

Data uses include:
• Event based monitoring
• Remote sensing ground trothing
• Chlorophyll a criteria assessments

ES&T, 2009. 43:7609-7613

Summer on Chesapeake Bay

Just a few boats…



Piggybacking Activities: Adding analytes to network activities. Multnomah Co, OR.





Innovation

Credit: U.S. Naval Academy

REMUS 100 AUV (6-8 AM) Severn River Keeper weekly 
monitoring (8 AM – 2 PM)

REMUS 100
Autonomous Underwater Vehicle

• Improved interpretation of the monitoring information 
• Efficiencies in monitoring

Credit: UC Santa Barbara





42

MBSS

Water Quality Regulations

Fishing Regulations

Endangered Species 

Protection/Regulations

Restoration Effectiveness

Stream Ecology 

Outreach/Education

Climate Change Impacts

To Streams

Stream Ecology ResearchInvasive Aquatic 

Species Management

Nongame Fish

Management

Stream Ecology Data 

Compilation and Management

Stream and Watershed 

Protection Priorities

Stream Blockages 

and Fish Passage

MBSS Information/Data Used to Support Regulations and Policies



43

•1995 Funding for MBSS = 100% General and Special Funds

•2014 Funding = 41% General and Special Funds and 59% Grants 

•Total of about 12 funding sources for 2014

MBSS Funding



Environ Trust Fund

General

Training

Fund 1
Fund 2

Fund 3

Fund 4

Fund 5

Fund 6

Fund 7

Fund 8

MBSS  Budget 2015





MBSS  Budget

Environ Trust Fund

General

Patapsco

Fisheries 

Marcellus

Natural Heritage

Training

CWP

Chespeake and 

Atlantic CB Trust 

Fund

106

106 supplemental





Examples of the Creativity of our Monitoring 
Community
• Analyses: Stream Health Indicator




