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Summary of Recommendations for Partnering Opportunities
for Enhancing Monitoring for Chesapeake Bay Program

e Staff resources should be allotted in 2010 to conduct a more comprehensive survey of monitoring
activities in the Bay and its watershed and periodic up dates every five years there after. The
data call for monitoring programs should include a well-defined definition of what is or is not a
monitoring program. Programmatic needs for monitoring information extend beyond water quality
and there needs to be an emphasis capturing monitoring efforts that address all CBP areas.

e The 2009 Monitoring Inventory has identified numerous potential candidate programs to establish
monitoring partnerships with to expand our monitoring networks and meet programmatic
information need. However to participate in these potential partnerships, the Bay Program would
need to provide resources (money, technical expertise, staffing) for these efforts. The CBP needs
to have a flexible source of funds to establish priority partnerships. The new Technical Support
Services Team should oversee the funds.

e There are opportunities to better utilize on-going monitoring being conducted by federal, state,
and local governments, and non-governmental organizations to address information needs for all
Chesapeake Bay Program (CBP) goals: water quality, fisheries, habitat, and watershed.
However, the CBP will have to greatly increase capacity to obtain, manage, and utilize
appropriate information from these monitoring programs. CBP should develop or apply guidance
documents which lay out analytical quality assurance requirements for a monitoring program to
become a partner in our monitoring networks. Guidance for data management, data submission
and metadata currently exists but will need modification for working with small data providers
(CBP, 1998; CBP, 2001; and CBP 2006).

e There needs to be careful consideration of monitoring needs of the entire Chesapeake Bay
program when re-aligning monitoring funds. It was noted during the monitoring needs
assessment conducted across all goal implementation teams that changes to the water quality
monitoring programs will have repercussions in other parts of the program. Decreases in tidal
monitoring effort will degrade our abilities to insure habitat conditions favorable for the
maintenance and expansion of SAV acreage and conduct ecosystem based fisheries
management. However increases in the non-tidal monitoring program will enhance our abilities to

assess stream health and target stream restoration.
Water-quality

e The current CBP tidal water-quality monitoring programs (water quality, benthic invertebrate,
phytoplankton and submerged aquatic vegetation) provide the majority of the data to assess
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water-quality criteria, the priority-monitoring objective. These programs also provide information
to document status and trends, prepare communication products and support models. These
programs need to be continued, because there are very limited partnering opportunities to
support these programs.

e There are opportunities to enhance partnerships, mostly with citizen monitoring groups, to assess
the status of water-quality conditions in selected tidal tributaries and shallow waters of the Bay.
These partnerships do not currently address the needs for criteria assessment in shallow waters
or change over time.

e There are opportunities to partner with on-going efforts in small watersheds to better evaluate the
effectiveness of management practices. The CBP should increase resources to synthesize
results from past and present small watershed studies to provide products on effectiveness of
point source, agricultural, and storm-water management practices to reduce nutrients, sediment,
and toxic contaminants. The CBP should select 6-18 small watersheds, which have on-going
monitoring of best management practices (BMP’s), land-use activities, and water quality, to co-
locate long-term monitoring sites as part of the non-tidal water-quality network. These small
watersheds would provide information to help provide on-going evaluation of different types of
water-quality management actions.

e There are opportunities to partner with on-going programs to better assess the nutrient, sediment,
contaminant, and bacterial conditions in the watershed to better target restoration and protection
activities. However, these partnership opportunities will not address the needs of the CBP non-
tidal network to monitor changes in nutrient and sediment loads and concentrations to help
assess progress toward load allocations.

e Assessing criteria related to toxic contaminant impairments in the Bay is still a critical need of the
CBP and there are limited opportunities for partners to help address this gap. Monitoring of toxic
contaminant loads needs to be added to selected CBP Non-tidal Network (NTN) sites to assess

progress toward reducing contaminant loads into the Bay.

Fisheries -

e CBP has set a path towards ecosystem-based fisheries management. The Fisheries Goal
Implementation Team- Quantitative Ecosystem Working group has identified the vital need to
have monitoring information about habitat conditions and food-web interactions. Habitat
conditions (e.g., water quality and submerged aquatic vegetation) are critical in all life stages of
marine resources and can influence biomass production. Additionally an understanding of food
web dynamics (phytoplankton, zooplankton, benthos and forage fish interactions) is a critical
monitoring need for Ecosystem-based fisheries management in an ecosystem approach to

management. The maintenance, enhancement and expansion of key non-fisheries monitoring
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programs (water quality, submerged aquatic vegetation, phytoplankton, zooplankton, benthos and
forage fish) needs to be coordinated with fishery monitoring to insure data on spatially and
temporally compatible scales to support ecosystem-based fisheries management.

e Oyster restoration remains a central goal of the CBP. A recent analysis of native oyster
restoration efforts over the past 18 years identified the need for methodologically consistent
surveys of oysters Bay-wide for stock assessment as a critical step to understanding the oyster
population and guide future restoration activities (ORET, 2009).

e Currently fisheries-dependent and -independent monitoring is conducted as a collaborative effort
between the Federal, State and Regional/Inter-Jurisdictional agencies. Fishery-independent
monitoring in the Chesapeake region yields reasonable coverage for some focal species.
However, coverage required for marine spatial planning is inadequate. Current coverage is at a
minimum for management needs for finfish and blue crab. Enhanced and expanded fishery-
dependent surveys are needed to gain a better understanding of the impact of commercial and
recreational fishing on key species.

e No single fishery independent survey can effectively capture all the monitoring needs for
multispecies management. Ideally the Chesapeake Bay region fisheries management community
would establish Bay-wide consistent methodology for 1) mainstem and tributary (>2.5 m) bottom
trawl surveys, 2) shallow mainstem, tributary and littoral zone (< 2.5 m)beach seines and large-
haul seines surveys and 3) long line surveys in the lower bay and near shore Atlantic (> 6m) in
support of multispecies monitoring needs. There are partnership opportunities between
Chesapeake Bay and offshore fisheries monitoring programs, such as the National Marine
Fisheries Service offshore Atlantic trawl survey, to help meet these needs.

Habitat

e Submerged Aquatic Vegetation (SAV) serves as essential nursery and juvenile fish habitat.
Continuation of the'AnnuaI Aerial Submerged Aquatic Vegetation Survey program is critical to
meeting habitat goals and for assessing regulatory criteria. The existing CBP SAV monitoring
program, coordinated through the Virginia Institute of Marine Sciences, utilizes partnership
opportunities between federal, state and non-governmental agencies to expand its monitoring
capacity and serves as a model for other partnership efforts. The monitoring of water quality
needs to continue at frequency and density of stations adequate to insure program management
actions are achieving habitat conditions favorable for the survival, propagation, and successful
restoration of SAV.

e Wetlands provide critical habitat for fish and wildlife as well as serve as a natural BMP by slowing
the flow of nutrient, sediment and toxic contaminants into adjacent waterways and controlling
erosion. To protect this vital habitat more systematic monitoring of wetland acreage and condition
(vegetation, hydrology, and soils) on regular time intervals is needed. Monitoring changes in
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wetlands should continue through existing partnerships with US Fish and Wildlife Service-
National Wetlands Inventory, National Oceanic and Atmospheric Administration-Coastal Change
Analysis Program, United States Department of Agriculture- Agricultural Research Service and
United States Geologic Survey.

¢ There is an overwhelming need for expansion of habitat monitoring for non-tidal fish and wildlife.
The Bay Program developed a prototype non-tidal stream health indicator in 2008 based on
benthic invertebrate data collected by different agencies in watershed. This indicator should be
expanded to include other aspects of stream health, such as fish condition in streams.
Enhancement of existing stream monitoring to include American eel and fresh water mussel
monitoring components is an opportunity to add greater utility to ongoing monitoring efforts at a
low cost. There needs to be improved data on habitat supporting migratory birds and address the
introduction and expansion of the range of invasive species in the Bay watershed. The most
promising partnerships to expand monitoring would be through the existing state programs of
biological conditions in streams and federal programs such as the United States Geological
Surveys-Biological Status and Trends Program and United States Fish and Wildlife Service-
Fisheries Programs.

Watersheds

¢ The most critical monitoring need for watershed management is high-resolution land use/ land
cover data collected at meaningful time intervals to track changes. Ancillary data needed to
accompany the land imagery is high quality elevation data. Land data is used program wide but
has no regular funding or long-term provisions for its acquisition and processing. The Bay
Program needs to establish a monitoring plan for land data and allot resource to support this
effort. There are numerous opportunities to establish partnerships with other federal entities to
meet this program information need.
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Introduction

Partnership Issue Team Objectives

The Chesapeake Bay Program (CBP) Monitoring efforts have served to provide Bay
water quality and living resource health assessments while guiding restoration efforts in the Bay
community for over 25 years. As an outcome of a Chesapeake Bay Scientific and Technical
Committee (STAC) monitoring review, the CBP monitoring objectives have shifted from a focus of
characterizing estuarine health to delisting of the bay and assessing effectiveness of
management actions in the watershed (Wardrop and Kirk, 2009). This change in focus is resulting
in a shift of Environmental Protection Agency (EPA) CBP monitoring funding into non-tidal
portions of the watershed. The Monitoring Re-Alignment Team (MRAT) was formed to provide
strategic recommendations on how to shift monitoring resources and maintain the integrity of
existing monitoring programs. Better partnering with existing monitoring efforts was identified as
a potentially valuable tool in this resource realignment. Additionally, there is still a need to monitor
selected living resources and their habitats since restoring and protecting fish and habitats are
goals of the CBP. This partnership issue team has several objectives:

¢ |dentify existing water quality and habitat monitoring programs in tidal and non-
tidal areas that can meet CBP needs and better partner with them.

e |dentify partner-monitoring programs in tidal areas that could fill water quality and
habitat monitoring gaps created by funding redirection.

¢ |dentify partner-monitoring programs which can meet monitoring needs to assess
priority living resources (crabs, selected fish species, oysters) and their
supporting habitats.

e Identify gaps where monitoring will not meet the needs for water quality, fisheries

habitat, and watersheds.

Scope of Report

The outcomes from the MRAT partnering team will help to prepare the final MRAT report
on options to re-balance the CBP monitoring programs. The monitoring inventory and gap
analysis will also provide information to help prepare the report on “strengthening science for
ecosystem management” required by Presidential Executive Order. The report provides
recommendations for partnership opportunities for monitoring to help address the needs of
several Chesapeake Action Plan (CAP) goals: water quality, habitat, living resources, and
watersheds (CBP, 2008). The report provides an inventory of existing monitoring programs in the



Bay community that was used to help identify the partnership opportunities. Further examination
of the partnership opportunities will need to be conducted to determine if the information meets
quality assurance-criteria of the Chesapeake Bay Program.

Relation to the Presidential Executive Order

A Presidential Executive Order (E.O.) # 13508 (Chesapeake Bay Protection and
Restoration), which was signed on May 12, 2009, requests that a report be developed for
strengthening science and environmental monitoring of the Chesapeake Bay and its watershed. A
draft of the report is due September 9, 2009 and to be released for public comment by November
9, 2009. This report will assess existing monitoring programs and gaps in data collection, and
shall also include the following topics: (a) the health of fish and wildlife in the Chesapeake Bay
watershed; (b) factors affecting changes in water quality and habitat conditions; and (c) using

adaptive management to plan, monitor, evaluate, and adjust environmental management actions.

Information produced under the MRAT process and partnership activities will be useful to
the E.O. Monitoring report in several ways:

e The monitoring inventory will be used to identify existing monitoring in the Bay
and its watershed.

e The analysis of gaps and associated recommendations in relation to the CAP
goals (fisheries, habitat, water quality, watersheds) will provide valuable
information to support the wider scope to identify gaps and produce
recommendations to improve monitoring for decision making for ecosystem
management.



Monitoring Inventory Compilation

Methods

The initial 2009 Monitoring Inventory was compiled from three existing monitoring
inventories. The only full inventory of water quality monitoring programs was conducted in 1989
(CBP, 1989a). Living Resource programs had been inventoried twice over the life of the Bay
Program, once in 1989 and in 1997 (CBP, 1989a; CBP, 1997). Tidal Fisheries portion of living
resources had an additional inventory in 2006 (Bonzek et.al. 2007). The draft 2009 inventory
compiled from previous efforts consisted of 151 monitoring programs through out the watershed.
This list of monitoring programs consisted mostly of the large state and federally funded
monitoring efforts in the Chesapeake Bay region. There were numerous gaps in knowledge of
national scale monitoring activities in the region, remote observation systems, wildlife programs
and smaller scale state, county, city and volunteer monitoring programs. A one-month data call
for monitoring programs was conducted in June 2009 to attempt to update information on
programs in the draft inventory and obtain information on missing programs. Only the most basic
of metadata information was requested (Table 1). A survey was sent to all participants in the
Monitoring Re-alignment Workshops, members of the Bay Program’s former Monitoring and
Living Resources Subcommittees, the Virginia and Maryland water monitoring counsels, and
known providers of monitoring data not otherwise contacted. A special effort was made to
capture the smaller scale state, county, city and volunteer monitoring programs, which have been
overlooked in past inventory efforts. These programs are collecting data at scales critical to
tracking changes due to local/small scale efforts to protect and restore the watershed and have

been long known to be an under utilized source of monitoring information.
Summary Inventory

Discussions within the Partnership Issue Team during the May 2009 MRAT workshop,
revealed significant differences among participant as to what exactly constitutes a monitoring
program suitable for inclusion on the inventory. After some consideration, the Partnership Issue
Team leadership adopted the following criteria for the definition of a monitoring program : 1)
Minimum of five years of data collection; 2) Data must be collected using a consistent
scientifically sound methodology and 3) Program must be on going and planned to continue
monitoring efforts into the foreseeable future. Short-term research studies and one time
assessments were not included, but are being maintained on separate lists by Bay Program data

managers and quality assurance personnel.



The final inventory as of 1 July 2009 consists of 295 monitoring programs spanning a
broad spectrum of scales and Chesapeake Bay Program interests (Figure 1, Appendix A).
Water-quality monitoring programs outnumber all others in the inventory. Numerous monitoring
programs have multiple components and collect data in multiple subject areas. An evaluation of
the inventory for meeting CAP needs indicates that all goals have programs that potentially fill
information needs (Figure 2). The current CAP goals do not address climate change, freshwater
inland fisheries, wildlife management and invasive species, which are issues of high importance
among many Chesapeake Bay Program partners.

Geographically, Virginia and Maryland reported the Iargest number of programs (Figure
3). Forty-seven citizen monitoring programs appear in the inventory most of which were in
Maryland and Virginia. We were unable to obtain an accounting of citizen monitoring programs for
the states of Pennsylvania, New York and West Virginia. It should be noted that when individual
citizen monitoring efforts were evaluated to see if they met our criteria as a monitoring program
we found a large number of these programs had rigorous, well-documented sampling protocols,
and used many of the same analytical laboratories that the larger local and state-government run
programs.

The primary goal of the MRAT process was to develop a plan to strategically shift
monitoring resources from tidal to non-tidal areas to better assess effectiveness of management
actions. Based on inventory findings currently fifty-eight percent of all monitoring programs are
focused in non-tidal area (Figure 4). This suggests that there is a large body of monitoring activity
may be suitable for collaborating with in the non-tidal areas. Initial review of tidal monitoring
programs suggests that opportunities for collaborating may already be fully exploited.

One shortcoming of the 2009 inventory effort was the under reporting or non-reporting of
monitoring effort. As a whole, the survey for monitoring programs needed to go out to a larger
audience to get a better representation of all the monitoring activities in the watershed. There was
a significant under reporting of monitoring programs for terrestrial wildlife, vegetation and remote
sensing (Figure 1). There was no reporting of monitoring for agricultural and other best
management practices. A summary of reported federal monitoring programs is listed Appendix C,
Table C1 and shown on figure 6. These results suggest an incomplete inventory of monitoring
activities by some federal agencies. The inventory of state programs is focused on their water
quality-monitoring program. This may in part in part be due to the MRAT's priority to focus on
water quality monitoring efforts. Reporting of monitoring conducted by regional, county and local
levels governments and non-governmental entities (NGO) was also not comprehensive.

A second known deficiency was the incomplete reporting of information. Estimates of
annual project cost was the field most often left blank in the inventory. Fifty-two programs
reported annual costs totaling 15.7 million dollars in monitoring effort. Cost information for the
Chesapeake Bay-only portion from large national networks such as National Oceanic and



Atmospheric Administration (NOAA) Buoy or United States Geological Survey (USGS) Stream
Gauge Networks or satellite -remote sensing missions is difficult to determine. The real cost of
volunteer monitoring efforts is difficult to quantify. Between under reporting of programs and the
difficulties associated with determining program cost, it is not possible to assess the total amount
of funding being spent on monitoring in the bay and it watershed. It was possible to summarize
funding, based on reported information, for major types of governmental and NGO organizations
(Figure 5). The combination of Federal, State and Federal-State match funded programs
accounts for 65% of monitoring effort.

Table 1. Requested Data fields in 2008 Monitoring Inventory Survey.

Program Type Frequency Sampled
Tidal/Non-Tidal Years Of Monitoring Record
Monitoring Program Funding Source
Collecting Organization Cost/Yr
Program Objective Contact Name
Products Produced From Data Contact Phone
Metrics Sampled Contact Email
Spatial Coverage Program Website
Number Of Sites

NUMBER OF MONITORING PROGRAMS BY SUBJECT AREA

120

100

80

60 -

40 -

20 -

AIR QUALITY
BACTERIOLOGICAL
BENTHIC
BIRDS
CLIMATOLOGICAL
FISHERIES
GROUND WATER .
METEOROLOGY
OBSERVING
SYSTEM
PHYTOPLANKTON
POINT SOURCE
RADIOLOGICAL
SAV
SHELLFISH
TOXICS-SEDIMENT
TOXICS-TISSUE
TOXICS-WATER
WATER QUALITY
WILDLIFE
ZOOPLANKTON

Figure 1. Summary of Reported Monitoring Programs by General Monitoring Subject. Note: many
monitoring program have multiple components and collect data in multiple subject area.
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REPORTED MONITORING PROGRAMS BY STATE

Number or Programs

|IGeneraI B Citizens Monitoring |

Figure 3. Breakdown of Monitoring Programs Reported by Jurisdiction. Programs in the regional category
are programs that cover the entire bay or watershed.

Percentage of Programs by Focus Area

5% 2%

58%

]INON-TIDAL ETIDAL @ TIDAL & NON-TIDAL OAIR ELAND

Figure 4. Breakdown of Monitoring Programs by Focus Area.



FUNDING SOURCES OF PROGRAMS
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Figure 5. Summary of Reported Funding Sources for Monitoring Efforts in Chesapeake Bay Region.
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Figure 6. Summary of Federally Funded Monitoring Efforts in Chesapeake Bay Region.



Water Quality Partnership Opportunities

Management Goals and Priority Water Quality Monitoring Needs

The overarching objective of the CAP water-quality goal is to “Achieve and maintain the water
quality necessary to support the aquatic living resources of the Bay and its tributaries and to protect
human health” (CBP, 2008). One of the major outcomes is to “correct the nutrient- and sediment-related
problems in the Chesapeake Bay and its tidal tributaries sufficiently to remove the Bay and the tidal
portions of its tributaries from the list of impaired waters under the Clean Water Act’. The associated
water-quality standards that must be met to “delist” the Bay (dissolved oxygen, water clarity and
chlorophyll a) are based on the needs of fish, shellfish, and submerged aquatic vegetation in the Bay. The
CAP outlines an approach to reduce nutrients and sediment from major “source sectors” and has these
additional desired outcomes:

e Reduce loads from wastewater

®* Reduce loads from agricultural lands and animal operations
o Reduce loads from developed lands

e Reduce loads from streamside and tidal shorelines

e Reduce loads from air emission

e Reduce loads of toxic contaminants

Progress toward water-quality management goals are assessed mostly through environmental
indicators. The current indicators to assess progress toward “delisting” the Bay include: dissolved oxygen,
water clarity, chlorophyll a, and toxic contaminants. Indicators are related to achieving the water quality
standards are:

¢ Indicators of implementation of management actions for different “source sectors”

e Nitrogen, phosphorous, and sediment loads to the Bay

e Flow-adjusted change of nitrogen, phosphorous, and sediment concentrations in the
watershed

e Number of toxic contaminant impaired Bay segments

A major conclusion from the STAC Monitoring Review (Wardrop and Kirk, 2009) was that
“delisting the Bay and determining the success of CBP management actions are the responsibilities of the
partnership and should be priorities of the monitoring program”. Monitoring of delisting criteria must
include (1) dissolved oxygen (DO), (2) water clarity/Submerged Aquatic Vegetation (SAV), (3) chlorophyll,
and (4) aquatic life (Benthic community index of health). These criteria must be measured for 78 different
portions (or segments) of the Bay. Needs were also identified to have information to:

e Assess the effectiveness of management actions
e Track progress toward load reduction goals and CAP 2-year milestones
e Better targeting restoration activities



Better communicating the information to the public

In addition to addressing delisting the Bay and management actions to reduce nutrients and

sediment, some of the other results from the STAC workshops included:

Better relating local stream and river water quality standards to Bay water-quality
standards. ‘

Convey information in terms of fishable and swimmable waters (both for the Bay and
watershed streams). Supporting monitoring could include using state monitoring of
watershed conditions including bacteria; benthic Indexes of Biotic Integrity (IBl) and fish
IBl's.

Increase monitoring on emerging issues such as new toxic contaminants of concern and

effects of climate change.

Summary of Current Monitoring Programs to Address Water Quality

Needs

The primary objectives of water-quality monitoring to meet the management needs are:

Assess attainment of water-quality criteria in the Bay (DO, water clarity/SAV, chlorophyll,
and toxic contaminants).

Status and trends of water-quality conditions related to the criteria (nutrients)

Status and trends on nutrients, sediment and toxic contaminants in the watershed
Estimate non-tidal loads to help assess progress toward nutrient and sediment
allocations

Assess effectiveness of management actions

Communicate results to managers and public

Improve CBP models used to help plan management activities

The ability for existing CBP-funded WQ monitoring programs to meet one or more of these

monitoring objectives is summarized below in Table 2-4. Table 2, Utility of Data from Basin-wide State &

Federal Monitoring Programs, is a matrix of the major CBP monitoring networks and the data analyses

and assessments needed to meet the primary monitoring objectives. Most of the tidal monitoring

programs were designed to measure status and trends at the scale of a tidal segment and are useful for

assessing water-quality criteria. The tidal monitoring information is also useful to communicate

information to public through the environmental indicators and the Bay Barometer and to improve CBP

estuary models. The current CBP monitoring programs do not adequately address assessing toxic

contaminants in the Bay.

The sites in the non-tidal network, which represent drainage areas of several hundred to several

thousand square miles; were designed to provide information on the status and trends of nutrient and
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sediment concentrations within bay watershed and Tributary Strategy basins. The non-tidal network sites
also are used to estimate nutrients and sediment loads. The load results are used to help identify areas to
enhance management actions, assess progress toward allocation goals, and improve watershed models.
The non-tidal data are also used in selected CBP indicators and the Bay Barometer to communicate
information to the public.

Neither the current tidal or non-tidal monitoring programs meet the managers need to assess the
effectiveness of best management practices (BMP). This objective is better done in smaller watersheds
(less than 100 square miles) where the water-quality effects of BMP’s can be better isolated and other
data including land-use information and locations of management actions can be obtained. However,
even in smaller watershed the effectiveness of an individual BMP is not possible unless field-scale
studies are conducted (Simpson and Weammert, 2008).

Table 2. Utility of Data from Basin-wide State & Federal Monitoring Programs to meet CBP Objectives

Water Quality Analyses & Assessments
Monitoring Program i
(State &gFedegal) wgl Effe gxepn oo Communication Loag Sta;us Partner
Criteria W Products Reductions Trends Models

Tidal
Tidal WQ Network X X X X
Tidal Shallow Water Quality X X
Tidal Benthic Invertebrate X X X X
Tidal Phytoplankton X X X
SAV Survey X X X X
Non-Tidal
Non-Tidal WQ Network X X X X
National Stream-Gauge Network X X X X
Ambient Surface Water Quality X
Non-Tidal Macro Benthic Invertebrate X X

The 2009 monitoring inventory identified about 233 partner programs conducting water-quality
monitoring in the Bay and its watershed (Figure 2). Many of the programs are focused in the watershed
(Figure 7). The programs range from ambient water-quality monitoring in tidal and non-tidal waters to

programs focused on different source sectors (such as point sources, agricultural areas and storm-water).
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Water Quality Monitoring Effort by Area
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Figure 7. Summary of Water Quality Program Monitoring by Source Sector and Focus Area in the Region.

Case Study-Agricultural BMP Performance Studies

On a per-pound basis, the Chesapeake Bay Commission (CBC, 2004) determined that
agricultural BMP’s are the most cost-effective means to reduce nitrogen and phosphorus loads to the
Bay. It is important to measure the actual change in loadings (if any) so that expectations for subsequent
installations are realistic. Current effectiveness estimates for load allocations are based on field-scale
research studies, and may not represent actual implementation conditions. “To capture a BMP’s true
performance across various temporal, spatial and management conditions we must ultimately rely on
monitoring to accurately assess BMP impacts, not effectiveness estimates” (Simpson and Weammert,
2008).

Table 3, Potential Data Sources for Agricultural BMP Performance Studies in Chesapeake Bay
Small Watersheds, lists numerous projects where some, if not all data have been collected for assessing
water quality improvements due to BMP installation. Information from these studies may be applicable to
future studies. In addition to water quality data, new BMP assessments will require a significant data
acquisition effort such as the location and history each BMP installed, soil types, land use and land cover
and other nearby pollution sources. The availability of these data types is indicated for each study. The
selected BMP performance studies examine the effectiveness of one or more agricultural BMPs such as:
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e Stream fencing in pastures
e Cover crops

e Animal waste management
e Stream restoration

¢ Nutrient management (fertilizer reduction)

Pennsylvania and Maryland agencies have collected both water quality and watershed data
under their EPA §319 Nonpoint Source Programs to establish Total Maximum Daily Loads (TMDLs) of
pollutants and to evaluate the effectiveness of implemented management practices to reduce pollutants.
One of five goals of the 2008 Pennsylvania Nonpoint Source Management Program Update is to:
“Improve and develop moni{oring efforts to determine how projects and programs improve water quality
and/or meet target pollution reductions including TMDLs” (PADEP, 2008). By the end of 2009,
Pennsylvania Department of Environmental Protection (PADEP) plans to increase the accessibility of
local, state and regional water quality data to decision makers, watershed organizations and producers to
target water quality restoration and protection efforts; to establish a monitoring protocol for measuring
environmental results of implementing Natural Stream Channel Design (NSCD) projects; and to establish
local water-quality monitoring sites to both obtain baseline water quality data and assess the
effectiveness of agricultural BMPs. These plans are very similar to the CBP desire to develop agricultural
BMP monitoring protocols (below) and expand water-quality monitoring sites.

The Conestoga River in Lancaster County is an example where comparable data sets are
available at several different spatial and temporal scales. From 2005-08, the Susquehanna River Basin
Commission (SRBC) intensively monitored nutrient and sediment inputs in five Conestoga River sub-
watersheds to support development of a TMDL. From 1993-2001, PADEP and USGS conducted a small
watershed stream fencing study in the Mill Creek sub-watershed (Galeone et. al., 2006). The Lancaster
County Conservation District prepared a Watershed implementation Plan for Mill Creek, which states that
the Senior Environmental Corps (SEC) may assist with the monitoring for BMP effectiveness. Finally,
PADEP/SRBC will continue to monitor one Conestoga River station as part of the long-term CBP Non-
tidal monitoring network. This watershed is an excellent opportunity for a BMP effectiveness partnership,
especially because intensive BMP installation is planned in these sub-watersheds.

In Maryland, the Corsica River Study provides a complete set of data to evaluate the
effectiveness of cover crops, animal waste removal and storm water management. Academic and
research institutions have also conducted a number of BMP performance studies, often in partnership
with the State agencies. For example, the Canaan Valley Institute (CVI), United States Department of
Agriculture-Agricultural Research Service (USDA-ARS), University of Maryland (UM) and Virginia Tech
(VT) have conducted specific studies from which both conclusions and existing data sets could be
utilized.
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A STAC workgroup is developing guidance and protocols for designing and monitoring

agricultural BMP performance studies within the Chesapeake Bay watershed. The use of standard

protocols “will avoid the inconsistencies among monitoring strategies that create comparability difficulties

when estimating BMP effectiveness. This standard approach will also allow the use of monitoring to

determine performance, rather than developing effectiveness estimates.” (Simpson et. al. 2008) The

STAC workgroup will recommend at least 3 candidate watersheds in each state which to conduct these

studies. Once the number of watersheds is narrowed, a more rigorous data evaluation is feasible.

Table 3. Potential Data Sources for Agricultural BMP Studies in Chesapeake Bay Small Watersheds

BMP Effectiveness Data
Land Use, N,P &
Monitoring Program Type & Land WQ | Sediment | Biota References
Location Cover Data | Loads
Soils, etc.
STATE /EPA §319(h) TMDL MONITORING
5855; %i%;i;ocﬁ;l}ﬁsﬁgi Reincl. X X X X hito:/iwww.srbe.net/pubinfoltechdocs/publi
Conest'oga and Lititz Creeks cation 257Rechrepon257.odf
htto:/iwww.depweb.state. pa.usiwalershed
PDEP/USGS - Pequea-Mill Cr. momUiibwatershedmambinonpoint_source
NMP, {1993-01) X X X X X Imonitarina/pequeamillcreskmonitor. pdf
Stream Fencing, Big Spring Run hitp://pa water.usas.qovireports/wrir 00-
4205.pdf
http://pubs.usgs.qov/fs/2006/3112
- hito:/fwww.depweb.state pa.us/watershed
E:::)Elgorirtogl?ﬁzzs(:ggsi-\%52) X X X X mamt/lib/watershedmaminonpoint_source
' /monitorina/stroudmonitor.pdf
MDE Corsica R. {cover crops, X X X X hitp:/fwww.dnr state. md us/watersheds/sur
manure removal) f/projfwras.html
) hitp:/iwww.deq.virginia.aowexport/sites/de
VDEQ Smith Creck TVDL : . X | fauliimdlimolang/amithip.odf
) hite:/ deq.virginia.aov/export/sites/d
VDEGIGaoisICisski{bactenat DS X B X | fauliimdVappimds/shennvicooksfd1.pdf
:{E(I:Ek% I\/:]l;dr:yc((‘;reek Lo X X X htto:/www.deq virginia.goviexport/sites/de
(Livestgck Fencina) faulltmdlfimplans/nriverip.pdf
VP! Stony, Mill Creeks & N. Fork X Itto:heww deg.virginia.aovitmdiiappimdis/
Shenandoah (bacteria TMDL) shenrvrinfshen.pdf
OTHER COUNTY, STATE & FEDERAL BMP ASSESSMENTS
(L:ar“&?:tteerr sﬁgd?n‘:g[serﬁ'es;;;f (;]“QI'L . % 7 % x | htto:/eweliorapdfiilCreskPA 20060
(Conestoga R.) gl
USDA/PDEP/USGS - Conestoga X X htto:/iwww.water.nesu.edu/watershedssfin
Headwaters Rural Clean Water folrewpipaprof.himl
USDA- Tuckahoe R. (Choptank) X X X hito:/fwwew. mda.state. md.uslpdfftuckahoe
NFWF (Cover Crops) factsheet.pdf
ftp://ftp-
ARS CEAP - Choptank X X X X Ie.sc.egov.usda.qoviNHQ/nrilceap/chopta
nkriverceapfact pdf
USDA/MDE Double Pipe Creek X X X hito://www.water.ncsu.edu/watershedss/in
Rural Clean Water (1982-1992) Iolrewplmdprof himl
MDNR Upper Pokomoke (Manure X X X hitofdnr.maryland.govbay/czm/nps/oubli
removal/cover crops) cationsipocomoke fact sheet pdf
Nomini Creek (1985-1997) Crop X X X hito:/fwater.usas.aov/wri/47grants/ivad7ne
lands management (Va.) r3.htm
Owl Run (1986-1996) Animal waste X X X http://scholar lib.vt.edu/theses/available/et
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BMP Effectiveness Data

Land Use, N,P &
Monitoring Program Type & Land WQ | Sediment | Biota References
Location Cover Data Loads
Soils, etc.

management (Fauquier Co.) d-51198-
134142/unrestricted/FINISHED.PDF

USDA/PDEP/USGS - Conestoga X X hitp:/fevew.water.nesu.edu/watershedssfin

Headwaters Rural Clean Water folrewp/paprof himl

USDA/ New Castle Co./U. Del. . .

Appoguinimink R. Rural Clean Water X X X X X :::;:D.a‘fwu:jw.wart?l.ncsu.edumalarshsdss.ﬂn

Program (1980-1991) To/rewp(deprof hitm

ACADEMIC & RESEARCH INSTITUTION STUDIES
htto:vaww. stmarysriver.ora/pdfdocsireport

UM St Mary's College — St. Mary's X X X X _p and

River Watershed http://www stmarysriver.oralpdidocsireport

phasel _S8.pdf hase! WC pdf

SERC - Rhode R, Watershed X X hilpJlvniew.serc.sl.edu/labs/ecological me

’ delingllanduse trends.aspx

W.Va. DEP/ CVI - Mill Creek i) ek ora/WatershedB

(Opequon) Fencing, Riparian Buffer, X X X X ﬂﬂd;r\' mﬁ?pleauoncrt.a DI VRIS

Bank Stabilization sedrian.nimt

NFWF//PI - Stream Fencing in http:fenww.ofwf org/AMTemplate.cim?Sec

Shenandoah R. basin tion=Live_Stock Exclusion
hito:/Aweny.nfwt.orgfContent/Navinationhe

NFWF/ VPI - Innovative Cropping in X nu/ChesapeaksBayStewardshipFund/Con

Shenandoah R. Basin servationResulis/AgriculluralConservation/
CroplandConservation/default.htm

NFWF/VPI - Stream fencing in X m:):?xﬁ,::zidgiilr_;gn?aTg’\g\.?’;mrg sites/de

. X, NW, A L i
ockinpiiam £¥ugusta, oL Vel faulttmdlimplans/drafts/mossyin.pdf
y hito:wvew. depweb.stale pa.usiwatershed

Tti Co_un_ty Conewago Creek X X mamilib/watershedmamt/nonpoint source

Association (Pa.) - 4
/implementation/conewago _creek.odf

CITIZEN MONITORING IN RURAL AREAS

Smith Creek Va. - Friends of the N. X X htto:/www.fnfsr.ora/whatwedo/monitoring,

Fork Shenandoah R. htm|

Sassafras River Keeper X hiip:/www.sassafrasriver.ora/whatwedo/2
009 may sop.pdf

I(.;z:)r:caster Co. Senior Environmental X hitp:pawatersheds.orq

ps
hitp:Awww.clearwaterconservancy. org/CW
. C%20files/2007 WRMP_Annual Report
. . 12042008.pdl ;

SOC S L L e L X 2 X hito:/www sprinacreskwatershed.orafinde
1.php?oplion=contentdtask=view&id=698|
temid=88

Nanticoke Watershed Alliance hito:/www.nanticokeriver org/Craskwalch

Creekwatchers er.htm|

) hitp:ifveww.westrhoderiverkeeper.oralrepor

West and Rhode River Keeper X tcardWR R Card 09.pdf

Upper Rappahannock Stream i -

Monitoring Program (quarterly X htto:/fwww.rappmoniter.va.nacdnet.org

Talbot County Creek Watchers hitp:fvawwe falbotrivars orgfwaterquality. ht
il

X hito:/www talbolrivers.oro/creakwatchers?
008 pdf

Sherman’s Creek Watershed hitp//www.shermanscreek org/monitoring

Association X vregram.him#fdescriptions
hitp:leavw. shermanscreek ora/Shermans
CreekPortrait pdf
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Case Study-Urban and Suburban BMP Performance Studies

Selected urban and suburban BMP assessment studies conducted by local governments and
watershed organizations were reviewed to better understand the extent of their monitoring programs.
Many of these programs track BMP effectiveness through monitoring. The BMPs tracked include, but are
not limited to:

e erosion and sediment controls

e stream restoration in urban areas

* nutrient management (fertilizer reduction)
¢ riparian forest buffers in urban areas

* increase wetland acreage

Many of the programs (e.g., Friends of Sligo Creek; the Anacostia Watershed Restoration
Partnership; the South River Federation; and the Baltimore Ecosystem Study) focus monitoring to assess
the concentrations of nitrogen, phosphorous, and sediment in the sub-watershed. The Occoquan
Watershed Monitoring Program demonstrates how implementation and monitoring are occurring at a
small watershed scale. The South River Federation and Chesterfield County studies present their efforts
to assess the effectiveness of management actions or BMPs to reduce loads in the respective sub-
watersheds. Many of the programs communicate information through websites and other outreach tools.
The citizen monitoring groups, most often organized through a local watershed organization, are very
keen on targeted communication efforts. In addition, the academic and research community and local
governments also share their monitoring studies with the public. The following are a few examples of
how theses groups use monitoring-related information in communications:

e report cards and state of the watershed annual reports to characterize the condition,
state, and trends of the sub-watershed;

e fact sheets, list serves notices, web blogs, facebook pages, and graphic maps to relate
status and trends to share information with their constituents to raise awareness and to
stimulate participation in events to tackle restoration projects; and

e Publish reports and make presentations at conferences (e.g., Chesapeake Watershed
Forum and River Rally) on factors affecting the root problem.

The Virginia Department of Environmental Quality (VADEQ) has a successful program for
“citizen/non-agency monitoring activities” (includes local watershed and citizen monitoring organizations,
academic institutions, non-VADEQ government agencies, private industries, and other monitoring groups)
that is fully supported by a suite of standardized monitoring protocols. This suite of protocols covers
quality control/quality assurance (QAQC) for a range of methodologies. Virginia provides grant funds to
build capacity and support ongoing citizen/non-agency monitoring activities. Additionally, the state has
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annual goals for miles of stream to be monitored through these efforts. The application and utility of
state-wide monitoring activities established in Virginia is not consistent across the Chesapeake Bay
Watershed.

Case Study- Sub-watershed Urban and Suburban BMP Effectiveness Monitoring

The Anacostia is an example of a priority watershed where there are several different sources of
data available. The watershed is 176 square miles; contains 862,400 residents; is 70% developed; has
25% impervious area; contains fourteen (14) sub-watersheds; has six or more county, state and federal
governments partnering to address problems that include: sediments, bacteria, low oxygen levels, trash,
toxic contaminants, and low levels of biological diversity (MWCOG, 2008). The combined monitoring
efforts of the sub-watershed organizations (citizens) and the county, state, and federal efforts track BMP
(e.g., wetland restoration, fish passage, forest cover, and etc.) effectiveness (Table 4). These combined
monitoring efforts measure (partial list):

¢ Total suspended solids e resident fish community health

¢ combined sewer overflows e stream miles restored

e total phosphorus and total nitrogen e percent impervious surface

e fecal coliform concentration and e percent of developed lands with
bacterial contamination storm water management controls

o dissolved oxygen o created/restored tidal wetland

¢ biochemical oxygen demand acreage

e secchi depth ¢ created/restored non-tidal wetland

s chlorophyll “a” ¢ miles of created riparian forest

o temperature buffer

s turbidity; e other measures/indicators

e pH

Taken together, the local watershed organizations and governments communicate with the
concerned public through a variety of means. In order to communicate about the condition/state of the
sub-watershed, trends, factors affecting the trends, restoration options and progress, and to share
information, they use: state of the watershed reports; monitoring reports; published data sets; web sites;

strategic plans; and many other means.
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Monitoring Gaps, Challenges, and Partnership Opportunities for
Water Quality

A number of water quality monitoring programs listed in the inventory could be used to determine
the status of nutrient and sediment levels in smaller Chesapeake Bay watersheds. Status information
may be useful to help identify areas to enhance water-quality management actions for restoration or
protection. The majority of non-tidal sampling sites lack stream flow data so cannot be used to assess
load reductions or trends in loadings. There are a few partner monitoring programs in tidal waters which
may be considered, mostly citizen and watershed association monitoring programs. These programs
have the greatest potential to enhance information on status (or condition) of local tidal waters but must
be further investigated to determine their comparability to Chesapeake Bay Program protocols. Below is

a summary of partner challenges and opportunities for each monitoring objective.

Assess Attainment of Water-Quality Criteria in the Bay

The existing CBP tidal monitoring networks (Table 2) are the primary monitoring programs to
assess water-quality standards and status and trends. There are no existing partner opportunities to
assess attainment of dissolved oxygen, clarity and/or chlorophyll standards in the Bay and its tidal waters,
while some exist to assess toxic contaminant conditions. Citizen monitoring is conducted in selected tidal
tributaries but this is most useful for status of conditions but not assessment of standards.

¢ Recommendation: There may be substantial reductions in tidal monitoring effort as a
result of the MRAT process. Existing NOAA-National Ocean Service supported
observational systems may be the most viable partnering option for obtaining data to fill
the information gaps which will be created by the re-allocation of funding. Buoy
observing systems operated by NOAA may be a potential future partnership opportunity
but the data needed for deep water (>2 m) water-quality assessment are not currently
collected at a majority of the sites in the observing systems. CBP would also want to
approach NOAA about adding additional instrumentation on selected buoys for selected
parameters. (DO salinity, turbidity & pH). There are opportunities to develop partnerships
with the National Oceanic and Atmospheric Administration-Coastal Prediction Center and
National Aeronautics and Space Administration (NASA)/Goddard Space Flight Center.
Goddard’s ocean color group strives to coordinate with international satellite sensor
groups to maintain a consistent and cohesive ocean-color record based on a variety of
satellites which have potential for filling spatial and temporal gaps in Bay water quality
monitoring. (chlorophyll, turbidity and sea surface temperature).

e Recommendation: There are about 40 partner monitoring programs addressing toxic
contaminants in the Bay and its watershed. The CBP should continue to pursue
partnerships to better assess toxic contaminant conditions in the Bay given their impact
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on living resources and that almost 75% of the bay is considered impaired due to toxic
contaminants. The CBP should pursue partnership to better assess toxic contaminant
conditions in the watershed and loading of selected contaminants to the Bay.

¢ Recommendation: Citizen monitoring is conducted in selected tidal tributaries and is the
most promising opportunity for enhanced partnerships to assess status. The monitoring
may be useful for trends if collected for 10 or more years. The CBP should further explore

establishing citizen monitoring partnerships in additional tidal tributaries.

Status and Trends of Nutrients and Sediment in the Watershed

Status-There are over 300 additional sites (in addition to the CBP non-tidal network) currently
monitored on a consistent basis by state, federal and river basin commissions in the Chesapeake Bay
watershed that could be considered to better define the status of water-quality conditions in the
watershed. These programs offer opportunities to better define the status of nutrients, sediments,
contaminants, and bacteria concentrations.

¢ Recommendation: The utility of these sites should be further investigated, especially for
assessing toxic contaminant conditions in the watershed. However, the coordination and
data management to synthesize thousands of data records to produce this kind of
analysis would be extensive and should be incorporated into the costs. The benefit of
using these data should also be evaluated, as much of the data are sufficient for
analyzing water-quality condition (status) but not sufficient for evaluating the change in

water quality over time (trends).

Trends and Loads-The CBP non-tidal network was established in 2004 to provide comparable

data to assess status and trends in concentration and loads for nutrients and sediment. The partner
programs discussed under status were already evaluated to determine which sites could be included in
the non-tidal network. As of 2008 there were 87 sites in the NTN and the potential for new sites is
evaluated annually. Therefore, the vast majority of partnering opportunities to support additional sites in
the CBP non-tidal network by state, federal, and river basin commission organizations have been
exhausted. The existing partnership of the CBP NTN (every state in the watershed, Interstate
Commission on the Potomac River Basin Commission (ICPRB), SRBC, USGS, and EPA) coordinate
partner funds and efforts for the network ($3 million/year) and receives $300,000 from the CBP to help
support the network. There may be potential to use existing programs to determine changes in selected
toxic contaminants that are impacting fish and wildlife in the Bay and its watershed.

e Recommendations: Continue to try to establish stream gages at existing water-quality
monitoring sites to increase the number of sites in the network to better represent under-
monitored areas such as urban and agricultural pollution source sectors and the coastal
plain. High priority should be given to adding gauging stations to existing water-quality
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monitoring sites with historical information. Consider having ground-water flux
measurements to better address nitrogen loading from the Coastal Plain to the Bay.
Assess potential partnerships to monitor selected contaminants impacting fish and
wildlife in the Bay and its watershed.

Small Watersheds and Agriculture

The biggest gap in the current CBP monitoring programs is the ability to evaluate the
effectiveness of management practices. This objective is better done in smaller watersheds (less than
100 square miles) where the water-quality effects of BMP’s can be better isolated and other data
including land-use information and locations of management actions can be obtained. However, even in
smaller watersheds the effectiveness of individual BMPs is not possible unless field-scale studies are
conducted. Conducting small watershed studies are data intensive, requiring information on stream flow,
water-quality conditions, land-use, and BMP information and can cost up to $750,000/year. These
watersheds also require a large change in the amount of management practices being applied to detect a
change in water quality.

There are partnering opportunities with government agencies, academic institutions, and NGO's
that conduct small watershed studies to better assess the effectiveness of management actions. The
potential partnerships include existing federal-state programs (such as state TMDL and 319 grant
programs), federal (USGS, USDA-ARS, EPA) agencies that are already working with state and local
governments, academic institutions (such as Smithsonian Estuarine Research Center (SERC), UM, VT,
PSU, Virginia Institute of Marine Science (VIMS)), and a large amount of citizen monitoring by watershed
organizations. Many of the NGO grants (National Fish and Wildlife Foundation (NFWF)) and TMDL
projects might be studies that only have funding over a selected period of time usually 1-5 years) and
longer-term monitoring is needed to assess water-quality changes from management actions.
Collaborating with these groups could allow for the Chesapeake Bay non-tidal network (NTN) to
incorporate a site from the small study area that would allow for a long-term record to be developed for
the project. This long-term site would benefit both the organizations and the NTN (by incorporating data
from under-represented small drainage basins). Many of the partnering opportunities in these small study
areas might be in data assessment and synthesis of multi-program results. Partnering activities in these
watershed studies may include providing technical support to synthesize multi-agency results, adding a
long-term monitoring site to help assess the effectiveness of management actions, conducting synoptic
surveys an other specific monitoring support, obtaining and tracking land use and management actions at
a small watershed scale, and developing tools to communicate results from multiple different projects to

managers.
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Recommendation: Assess and synthesize available information on the effectiveness of
management actions to reduce nutrient and sediment loadings in the watershed. This will
result in short-term management products and the benefits of “lessons learned”.
Recommendation: Select 6-18 watersheds in different agricultural, urban and suburban
land areas where different types of BMP are being applied, and co-locate NTN sampling
sites. This would provide long-term information to understand the factors affecting water-
quality change and evaluate the effectiveness of management actions. Be sure that there
is a commitment by partners to collect information on watershed attributes (land use
change management actions, etc.) to link to water quality results.

Recommendation: Provide additional funding to supplement data collection or

. assessment in watersheds not addressed by the partners, and fund one or more small

watershed specialists to synthesize information from multiple small watershed studies to
provide summary information to CBP managers to they can better implement and adjust
management actions throughout the watershed.

Recommendation: Focus future agricultural BMP monitoring efforts are focused on the
priority watersheds identified by the STAC workgroup. This will involve further
identification of agencies and organizations that have collected data relevant to the BMP
performance studies. .
Recommendation: Evaluate prospective water-quality monitoring data sets by
comparing each agency’s sampling design and protocols, measured parameters and
methods to those appropriate for planned data analysis. The availability of flow data will
be important because they are necessary for the direct calculation of loads

Urban and Suburban

This effort to review selected monitoring programs is general in nature and designed to better

understand what is out there in the Chesapeake Bay sub-watersheds. Many examples of collaboration

were found (e.g., between the multiple non- and government organizations working in the Anacostia sub-

watershed and along the Potomac; also between Anne Arundel County and NGOs like the South River

Federation and the Severn River Keeper; and VADEQ citizen/non-agency program). However it was not

clear that there are standard, shared, clear, and consistent protocols in use across the entire Chesapeake

Bay watershed for sampling, QAQC, and data management supporting status or trend characterization.

Additionally, funding of monitoring efforts across this watershed does not appear to be consistent or

coordinated.

Recommendation: Further steps should be taken to ensure that local government and
watershed organization monitoring protocols and sampling designs for characterizing
status and establishing trends (including the protocols for sampling, QA/QC, and data
management) are appropriate for the necessary data analysis.
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¢ Recommendation: Additional funding is needed to support local government and
watershed organizations in developing programmatic capacity to allow for partner
opportunities in bringing their monitoring programs up to present CBP standards.

24



Fisheries Partnership Opportunities

Management Goals and Priority Fisheries Monitoring Needs

Sustainable management of economically and ecologically important fish and shellfish species is

a long-standing goal of the Chesapeake Bay Program (CBP, 1987; CBP, 2000). Strong incentives to
achieve this goal are provided by stakeholders from commercial and recreational fisheries sectors as well
as the general public who see viable populations of key species as an essential outcome of management
and restoration efforts in the Bay. At present, the CAP captures fisheries related goals under the Protect
and Restore Fisheries Goal Area (CBP, 2008) with particular emphasis on five species; oysters, blue
crab, striped bass, Atlantic menhaden and alosines. Specific objectives include:

® Monitor and track population and stock health

e Monitor status of oyster stocks

* Build scientific infrastructure for ecosystem-based management and develop ecosystem

based management plans

In addition, specific performance measures for fisheries have been identified in the CAP with the following
targets:
¢ Implement oyster restoration on 2,466 acres of oyster bars by 2010
* Revise and implement existing fisheries management plans for the five targeted species
to incorporate ecological, social and economic considerations, multispecies fisheries
management, and ecosystem-based approaches
e Abundance of blue crab, oyster, and striped bass, American shad, and menhaden

populations

In order to understand the monitoring/assessment needed to meet these goals, we engaged the
chairs of the Quantitative Ecosystem Teams (Stock Assessment, Habitat, Food Webs and Socio-
economics) who are working within the ecosystem based fisheries management (EBFM) planning effort
for Chesapeake Bay. In addition, the following comments benefited greatly from a comprehensive
analysis of Chesapeake Bay fish stock monitoring and a series of associated recommendations made in
2006 workshops facilitated by the Chesapeake Research Consortium (CRC) and NOAA Chesapeake Bay
Office (Bonzek et. al 2007). The workshop proceeding report's recommendations remain relevant to
ongoing discussions and provide an important consensus from key Chesapeake Bay fisheries managers
and scientists. Historically funding for the bulk of the surveys examined in the report has come from the
States of Maryland and Virginia (Maryland Department of Natural Resources (MD-DNR) and Virginia
Marine Fisheries Commission (VMRC), Virginia saltwater license fees), the Potomac River Fisheries
Commission (PRFC), the Commonwealth of Pennsylvania, the District of Columbia, Wallop-Breaux
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Program (USFWS), the NOAA-Chesapeake Bay Office, NOAA (natidnal level) and National Science
Foundation (NSF).

Fish Stock Monitoring

With respect to fish stock monitoring, the report suggests that fishery-independent monitoring in
the Chesapeake region yields reasonable coverage although this should be considered a minimum for
management needs. It is important to recognize that such monitoring is required by regional management
agencies (i.e., the Atlantic States Fisheries Management Commission) as a matter of compliance and
therefore must be a priority. Of particular importance in this regard are bay-wide surveys (Chesapeake
Bay Multispecies Monitoring and Assessment Program (ChesMMAP) and surveys focused on providing
guidance for management of blue crab. A number of these monitoring programs benefit from

coordination among partners and funders.
Ecosystem-based Monitoring

Recognizing the complex interactions among aquatic species, water quality and habitats in the
Chesapeake Bay watershed, and the economic importance of fish, CBP has set a path towards
ecosystem-based fisheries management. It will be critical to have monitoring information about habitat
conditions (water quality and SAV) in spawning, juvenile and adult habitats since these conditions can
influence biomass production. Additionally an understanding of food web dynamics (phytoplankton,
zooplankton, benthos and forage fish interactions) is a critical monitoring need for ecosystem-based
fisheries management. There is a critical need to have fishery monitoring be coordinated with water
quality and habitat monitoring so they are spatially and temporally compatible to support EBFM.

Summary of Current Monitoring Programs to Address Fisheries
Needs

General Survey Needs

To better meet management goals, the 2007 report emphasized that priority should be placed on
strengthening coordination among those performing surveys with an emphasis on maintaining “regular
and dependable” data collections in the main Bay and tributaries (Bonzek et. al 2007). The report also
emphasizes that no single survey can effectively capture all the monitoring needs for multispecies
management and recommends that enhanced coordination and possible modification of extant efforts
leading to the development of four survey platforms be implemented. These include:

e Deep mainstem and tributary (>6 m) surveys utilizing large bottom trawls that target adult

and juvenile fish. In addition mid-water sampling should be considered as well as newer
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survey technologies (hydroacoustics-based, electronic bottom typing, continuous
plankton sampling etc.) that can enhance data collection

* Shallow mainstem tributary (2.5-6 m) surveys utilizing smaller trawl nets. A coordinated
bay-wide effort conducted in parallel to the deep-water surveys should include all
principal tributaries although rotation among some may be required

¢ Shallow mainstem, tributary and littoral zone (< 2.5 m) surveys. Both beach seines and
large-haul seines are recommended at least four times a year to provide minimum
coverage.

e Longline surveys in the lower bay and near shore Atlantic. Routine monitoring using this
platform provides important information for those species not well sampled by trawl or
seine (eg. Elasmobranchs, drum, cobia)

Special Purpose Surveys

The 2007 report notes that the general surveys will not be adequate to capture all the data needs
for some species (Bonzek et. al 2007). When this occurs, purpose-designed surveys are required.
Examples of special purpose surveys include assessing spawning area for anadromous species (shad,
herring, and striped bass) that are mandated by regional management bodies and specialized juvenile

abundance surveys for American eel and Atlantic menhaden.

Monitoring Essential to Ecosystem Based Fisheries Management

A key goal of the CBP is to adopt ecosystem based fisheries management (EBFM). Monitoring of
stocks of the five target fish species while essential is just one part of this effort. Success in implementing
EBFM will depend upon integrating a much wider array of data from surveys extending beyond fish stock
monitoring to a wide array of living resources beyond recreational and commercial fish species to critical
characteristics of food webs, habitats and a variety of important socioeconomic factors. Appendix B Table
B5 appropriately notes that numerous surveys will impact the EBFM effort. An EBFM approach to
fisheries management in the Chesapeake will require monitoring that includes:

e Spatial and temporal variations in critical habitats including SAV and water quality

e Spatial and temporal variations in key food web elements including zooplankton,
phytoplankton, and benthos

e Multispecies sampling that tracks variations in juvenile and forage fish species

e Invasive species assessments targeting potential threats to key stocks (i.e., blue catfish,
mitten crab etc)

e Socioeconomic factors and stakeholder elements of stakeholder engagement
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Enhanced Coordination

The complexity of fish monitoring in the Bay suggests that enhanced coordination among the
many partners would achieve greater efficiencies and leverage the combined investments being made.
With this in mind, participants in the 2006 workshops were in consensus that institutional mechanisms
were needed to bring together regional managers, scientists, and with national experts to further shape a
comprehensive, coordinated monitoring program.

Freshwater Fisheries

Currently the CAP does not address the conditions of fresh water fisheries in the fisheries goal
area. The habitats goal area tangentially addresses fresh water fisheries by restoring fish habitat. The
2009 monitoring inventory identified about 41 partner programs conducting fish stock monitoring in the
region (Figure 2, Appendix A, Table A1) with effort equally divided between tidal and fresh waters (Figure
8). Based on reporting from USFWS in excess of 6 million dollars a year of state and federal funds are
spent on monitoring of fresh water fish in the watershed. The recent Chesapeake Bay STAC-Monitoring
Program review findings (Wardrop and Kirk, 2009) indicated Senior Managers of the CBP partnership
placed a high priority on assessing effectiveness of management actions in the watershed. Basin-wide
integration on the health and status measures for fresh water fish stocks should provide an important
multi-scale indicator of restoration progress and be included in programmatic goals.

Break Down of Fisheries Monitoring Programs by Region
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Figure 8. Reporting of Fisheries Monitoring Efforts in Chesapeake Bay Region.
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Monitoring Gaps, Challenges, and Partnership Opportunities for

Fisheries

Monitoring programs need to batance the need for ongoing decision-making for single species
while continuing to build the capacity for newer ecosystem-based fisheries management. Appendix B
Table B5 provides details on approximately 70 current monitoring programs that directly or indirectly
contribute to goals related to fisheries management in the Bay and its watershed. While the Fisheries
Goal Implementation Team is just beginning its work, several key opportunities and needs have been
identified as priorities by the Quantitative Ecosystem Team chairs and others participating in the
ecosystem-based fisheries management effort.
¢ Recommendation: The proposed reductions of tidal monitoring due to funding re-

allocation will degrade our ability to do EBFM. There for the maintaince, enhancement

and expansion key non-fisheries monitoring programs (water quality, SAV,

phytoplankton, zooplankton, and benthos and forage fish) is needed to support

ecosystem-based fisheries management. Fishery monitoring should be coordinated with

water quality and habitat monitoring so they are spatially and temporally compatible to

support EBFM.

Fisheries Dependent Surveys

The value of fishery independent surveys (FIS) has been clearly established. However, fisheries
dependent surveys (FDS) and fish catch monitoring are less well developed in the Bay. This would
include both commercial and recreational catch monitoring. An important aspect of FDS is the ability to
collect data on bycatch, a sector that is not well quantified and needed for stock assessments. At
present, the fishery-dependent information is less reliable and should be a focus of increased attention -
particularly for the recreational sector for which extent surveys are chiefly designed to provide coast-wide
estimates not regional ones.

¢ Recommendation: Enhance and expand fishery-dependent surveys to gain a better

understanding of the impact of commercial and recreational fishing on key species
Bridge Chesapeake Bay and NMFS Offshore Surveys
The great value of Chesapeake Bay surveys would be enhanced by consideration of how best to

link these efforts to the offshore National Marine Fisheries Service (NMFS) trawl survey. This recognizes
that gear comparison studies would be needed prior to any anticipated changes.
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e Recommendation: Develop better links between Chesapeake Bay and offshore fisheries
monitoring programs

Assess Monitoring Program Performance

The continued success of these surveys would be enhanced by auditing their performance in a
systematic manner. For instance, what is chance of detecting a 10% change in abundance on an annual
or decadal scale in key species with a given survey? Power analysis of this nature has not been applied
to any of the long-term survey methods, with exception of the winter dredge crab survey.

Oyster Stock Assessment

Opyster restoration remains a central goal of the CBP. Ongoing discussions in both Maryland and
Virginia have framed a number of new approaches to this vexing problem. A recent analysis of native
oyster restoration efforts over the past 18 years focuses attention on the need for a Bay-wide oyster stock
assessment as a critical step to understanding the current distribution of the oyster population and future
restoration activities (ORET 2009).

¢ Recommendation: Conduct methodologically consistent surveys of oysters Bay-wide for
stock assessment
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Habitat Partnership Opportunities
Management Goals and Priority Habitat Monitoring Needs

Habitat protection, enhancement and restoration for the benefit of living resources in estuarine,
non-tidal water and terrestrial areas have been a long-standing corner stone of Chesapeake Bay Program
efforts (CBP, 1987; CBP, 2000). In the 2008 CAP, this focus continues in the Protect and Restore Vital
Aquatic Habitats Goal Area (CBP, 2008). In this section of the CAP the primary goal are for the protection
and restoration migratory fish habitat, Submerged Aquatic Vegetation, wetlands and streams. Specific
objectives include the following:

e Assess Quantity, Quality and Function of SAV, Wetlands and Stream Habitats
o Prioritize Restoration Opportunities for SAV, Wetlands and Streams
e Assess Effectiveness of Habitat Restoration Activities
e Prioritize Fish Passage Opportunities- with special emphasis on removing blockages on
the James and Susquehanna Rivers
e Assess Effectiveness of New and Existing Fish Passages for restoring habitat range for
diadromous fish
Additionally three performance measures of restoration progress were identified in the CAP with
associated two-year realistic annual targets:
e Plant 1,000 acres of SAV by 2008
e Restore 28,500 acres of wetland by 2012
e Open 2,807 miles of migratory fish habitat and complete 100 dam removal projects by
2014

In order to meet these restoration and protection objectives and support the current Bay Program
communication products, the former Living Resources Subcommittee and the new Aquatic Habitats Goal
Implementation team have identified the following specific monitoring needs and activities.

SAV
e Continue the Annual Aerial Submerged Aquatic Vegetation Survey and associated
ground-truthing programs to insure the ability to assess changes in the resource.
e Continue the Main-stem water quality-monitoring program with monitoring at frequency
and density of stations adequate to insure habitat conditions favorable for the

maintenance and expansion of SAV acreage.
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Wetlands

Continue support of the Sea Level Rise Affecting Marshes Model (SLAMM) for the
Chesapeake Bay. This model simulates the dominant processes involved in wetland
conversions and shoreline modifications during long-term sea level rise. Data
requirement to run this model include tides, wetland mapping, and elevation data.
Update the National Wetlands Inventory (NWI) database for the Chesapeake Bay
Watershed. Monitoring requirements for NWI include vegetation assessment, hydrology
and soils.

Continue the acquisition and analysis of National Oceanic and Atmospheric
Administration-Coastal Change Analysis Program (C-CAP) data for wetlands acreage
change indicator.

Obtain better wetlands monitoring data for acreage change assessment. C-CAP data is
adequate to see wetland changes in select tidal areas of the Bay, but lacks resolution
adequate to see changes in the resource over time on a bay wide scale.

Obtain Synthetic Aperture Radar (SAR) and ground data during optimal ground
hydrologic conditions (i.e., spring) before and after planned hydrologic restorations on the
Eastern Shore of Maryland. These data will be used to create maps of wetland hydrology
and extent for the periods before and after restoration. This effort will provide a better
understanding of the effects of hydrologic restoration techniques, will improve
accountability for both internal and external program requirements, and could become

part of a protocol for implementing federal wetland restoration programs.

Stream Conditions and Fish Passage

Utilize state and federal water quality, fish monitoring and benthic assessments in
streams to better target fish passage, stream restoration projects, and assess post
project effectiveness. Additionally expand existing monitoring efforts to include monitoring
for fresh water mussels and American eel both critical measures of stream health.
Enhance information to protect and restore habitats for other potential priority living
resources (selected fish, bird, and wildlife species) and address the potential impacts of
invasive species habitats. Some specific suggestions include: develop a Chesapeake
Bay Marsh Bird monitoring protocol, develop and apply bird population habitat models for
key habitat types, and predict impacts of urban growth and climate change.

Assess and map the areas affected by invasive plants and animals in the Chesapeake
Bay.

Expand the Atlantic Coast flyway sea/diving ducks surveys to include the entire
Chesapeake Bay and map the diving duck habitats.
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® |mprove monitoring to determine viral, bacterial, and parasite pathogens affecting fish
and wildlife health, survival, reproduction, and sustainability in key tributaries and
estuarine areas. Investigate the cause and effect of toxic algal blooms and their effects
on migratory birds, declines in fish populations due to endocrine disruptors, and nutrient
loading from non-point source runoff.

e Increase monitoring, evaluation and law enforcement efforts to prevent both intentional
and unintentional introductions of terrestrial and aquatic invasive species. Special
enforcement emphasis should be placed at the ports of Baltimore, Norfolk, and Dulles
International Airport.

Summary of Current Monitoring Programs to Address Habitat Needs

Of the reported 295 monitoring programs in the 2009 monitoring inventory, approximately 185
programs appear to have some component, which may produce data useful for meeting Aquatic Habitats
Goal Area information needs (Figure 2, Appendix B Tables B5 and B6). Many of the current federal, state,
local and NGO monitoring stream water quality and benthos-monitoring programs are potentially valuable
partnership opportunities to better target and assess the effectiveness of restoration and protection
efforts. However, the programs will have to be further examined to determine data compatibility to for
regional habitat assessment. The Habitat GIT has also expressed monitoring needs for birds, exotic
species and climate monitoring for restoration and protection objectives that are not explicitly CAP goals

but are needed for ecosystem management.

Monitoring Gaps, Challenges, and Partnership Opportunities for
Habitat

Overarching Gaps, Challenges, and Recommendations

The Habitat Goal Implementation Team and its predecessor the Living Resources Subcommittee
and its work groups have actively pursued partnership arrangements to meet their monitoring needs with
large regional and national monitoring efforts. However, on humerous occasions in the past while
partnership opportunities have been available there was a lack of funding to establish the partnership.

¢ Recommendation: The CBP needs to have a flexible source of funds to establish priority
partnerships. The new Technical Support Services Team should oversee the funds.

While there are numerous opportunities to expand our monitoring networks by establishing
partnerships, there will be costs to the Bay Program. Assessing the compatibility of information from

33



multiple partner programs to address monitoring needs is a critical and time-consuming process. The

acquisition and management data deemed usable from multiple small providers will require extra data

management effort.

SAV

Recommendation: The CBP wili need to increase capacity to assess comparability and
manage information from partner programs. CBP should develop partnership guidance
documents which layout analytical quality assurance requirements for a monitoring
program to become a partner in our monitoring networks. Guidance for data
management, data submission and metadata currently exists but will need modification
for working with small data providers (CBP, 1998; CBP, 2001 and CBP, 2006).

The existing CBP SAV monitoring program, coordinated through the Virginia Institute of Marine

Sciences (VIMS), already utilizes partnership opportunities between the states of Maryland and Virginia,

other federal and non-governmental agencies. This program is critical to meeting habitat goals and no

enhancements are needed at this time. Decreases in the Main-stem water quality-monitoring program

will degrade our ability to insure habitat conditions favorable for the maintenance and expansion of SAV

acreage.

Wetlands

More systematic monitoring of wetland acreage and condition (vegetation, hydrology, and soils) is

needed to assess change over time. Funding for wetlands monitoring has always been problematic and
needs to be addressed. The Sea Level Rise Affecting Marshes Model (SLAMM) for the Chesapeake Bay

needs improvement to more accurately predict sea-level rise in areas of low relief.

Recommendation: The SLAMM model could be improved by the USFWS and USGS
providing information (such as more comprehensive elevation data) to improve the
certainty of SLAMM model predictions in coastal areas with very low relief. The
development or acquisition of a cohesive high vertical (V)/ horizontal (H) (~20-30cmV/1
meter H) spatial resolution Digital Elevation Model (DEM) basin-wide would facilitate
model enhancement.

Recommendation: Monitoring the changes in wetlands could be enhanced through a
partnership to update the National Wetlands Inventory. The lead agency for this is
USFWS. Partnerships with NOAA Coastal Change Analysis Program {(C-CAP) need to be
continued to provide data for the wetlands acreage change indicator. Other promising
partnerships to improve wetland data include partnerships with USDA-Natural Resource
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Conservation Service (USDA-NRCS), USGS, Ducks Unlimited and other non —

governmental agencies.

Stream Conditions and Fish Passage

During 2008, the CBP NT workgroup developed a stream-health indicator based on benthic

invertebrate data collected by different agencies in the 6 states in the Bay watershed. The reallocation of

funding of non-tidal monitoring should enhase our ability to assess stream health. While there are

partnership opportunities to expand the available data for assessing other aspects of stream health, such

as fish condition in streams, the challenge will be to assess comparability and manage the data. There is

also a need to be sure all of the potential federal and state programs have been reflected in the inventory.

Recommendation: The CBP will need additional capability to assess and manage fish
and other data from multiple partners. The partner opportunities to enhance data and
assessment of stream health condition include the agencies in each state, which collect
the fish and stream data, existing federal programs including the USFWS fisheries
program and the USGS-Biological Status and Trends Program (USGS-BSTP), and new
federal efforts that will occur under the National Wild Fish Health Survey. NGO and local
government partnerships can also be used to acquire comparable data in selected areas.
Recommendation: Enhancement of stream monitoring to include American eel and
fresh water mussel monitoring components is an opportunity to add greater utility to on
going monitoring efforts at a low cost. The most promising partnerships would be
through the existing state programs of biological conditions in streams and federal
programs such as the USGS-Biological Status and Trends Program and USFWS
Fisheries Programs.

There is an overwhelming need for remote sensing imagery to meet habitat-monitoring needs.

While there are numerous observing systems know to be available, historically the problem has been

data acquisition and processing to create usable products.

Recommendation: With the recent establishment of NOAA-Coast Watch East Coast
Node at the NOAA Chesapeake Bay Office, there are many new opportunities to
establish collaborative efforts to meet program remote sensing data needs. There are
also viable partnering opportunities with Army Corp of Engineers National Coastal
Mapping Program, USDA-NRCS and USGS.
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Other Needs

The establishment of many local and NGO monitoring programs affords partnering opportunities
to monitor the effectiveness of small-scale fish passage, wetlands and stream restoration projects.
Frequently there is funding for the restoration effort but little or no funding available for monitoring project
effectiveness.

e Recommendation: Select key watersheds to establish monitoring of stream restoration,
fish passage, and wetland projects effectiveness. Attempt to align these watershed
locations with small watersheds that are now being selected to better monitor the

effectiveness of water quality actions in agricultural and urban areas.

There needs to be improved data on habitat supporting migratory birds and address the
introduction and expansion of the range of invasive species in the Bay watershed. These objectives may
best be achieved by better collaboration between federal program partners.

e Recommendation: Expand the capacity of the US Fish and Wildlife Service Chesapeake
Bay Coastal Program and the Atlantic Coast Joint Venture partnership to collaboratively
protect migratory bird habitats.

e Recommendation: Expand the capacity of the US Fish and Wildlife Service Chesapeake
Bay Coastal Program to monitor invasive species and collaborate more closely with the
USGS Invasive Species Program.
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Watershed Partnership Opportunities

Management Goals and Priority Watershed Monitoring Needs

Activities on the land have a direct effect on the water quality as well as terrestrial and aquatic
living resources in the watershed. Land cover, land use, and land management directly impact water
quality in the Bay. Knowing the location of land cover, land use, and land management and the
geographic factors affecting nutrient and sediment generation and transport to the Bay is critically
important for managing the Bay restoration effort and for targeting restoration effects. In the 2008 CAP,
activities insuring stewardship of the lands in the watershed are consolidated in the Maintain Healthy
Watersheds goal area (CBP 2008). In this section of the CAP the primary goals for the maintenance of
Healthy watersheds include the following:

® Preserve valuable resource lands
e  Minimize Conversion of Forests, Wetlands, and Working Farms

¢ Minimize Impacts to Pre-Development Hydrology

Additionally there is one performance measure of watershed protection in the CAP with associated two-
year realistic annual targets:
e Permanently protect 695,000 acres of forest land by 2020

In order to meet these Watershed objectives and support the current Bay Program
communication products, the former Healthy Watersheds Goal Implementation team identified the
following specific monitoring needs and activities.

e Geo-referenced tracking of land acreage, which has been placed in a protection status.

e |n order to track change in the conversion of forests, wetlands, and working farms land
basin wide, land use/land cover data, including forest and impervious cover, are needed
on five year interval (2005, 2010, 2015,2020, 2025) at 30 meter resolution or better.
Currently remote sensing data from the Landsat series of satellites is used to analyze for
change. ;

e Impervious surface acreage for all HUC 14-digit watersheds on five year intervals (2005,
2010, 2015, 2020, and 2025) calculated from impervious cover data and geo-referenced
storm water BMP implementation. Additionally USGS stream flow data are needed for all
perennial streams in developed and developing areas.

o Official HUC 14-digit watersheds coverage for the entire watershed.

e Tracking of urban and storm water BMP implementation.
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Summary of Current Monitoring Programs to Address Watershed
Needs

In the 2009 monitoring inventory, 31 programs appear to have some component, which are useful
for meeting Healthy Watersheds Goal Area information needs (Figure 2, Appendix B-Tables B8).
Federally funded programs are currently meeting monitoring needs for watersheds pronominally. Local
programs seem limited to the storm water and urban BMP tracking needs. Based on the 2009 Monitoring
inventory there appears to be a lack of adequate monitoring for a number of needs in the Healthy
watershed arena. At this point it is difficult to determine if this is due to a true lack of monitoring programs

or gaps in our inventory.

Monitoring Gaps, Challenges, and Partnership Opportunities for
Watersheds |

In the 2007 STAC report “Potential Environmental Indicators for Assessing the Health of the
Chesapeake Bay Watershed”, STAC made recommendations for possible new environmental indicators
in the Chesapeake Bay Watershed within the following categories: water quality, habitat and living
resources. Under the watershed health indicator category there were recommendations for indicators
including: acres of forest cover, acres of non-tidal wetlands, a landscape development index, and a
channel ditching/altered hydrology indicator. Such indicators could be used in conjunction with The
Resource Lands Assessment. The Resource Lands Assessment (RLA) provided a regional multi-state
look at the most important remaining resource lands in the Chesapeake Bay Watershed. The RLA used
Geographic Information Systems (G1S) models and expert knowledge to assess the value of resource
lands within the watershed.

e Recommendation: Update the RLA to reflect new information and criteria for protecting
lands and ecosystems (EPA, USGS, and USDA).

e Recommendation: Work done under the RLA should be incorporated with monitoring
data to develop and improve watershed health indicators. Such indicators would promote
healthy watersheds by helping to identify parts of the watershed in most need for
restoration and protection.

e Recommendation: The RLA provides an indispensable tool for the identification and
targeting of areas for preservation/protection activities. The establishment of partnerships
with the federal, state, local and NGO partner who pursue land preservation/protection as
primary or secondary objectives should be pursued.
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Recommendation: Need to employ new Light Detection and Ranging Radar (LIDAR)
technologies to improve sea level inundation maps and to map small headwater streams
and depressional areas that may serve as denitrification hot spots.

Recommendation: Need to exploit recent technologies in airborne and Satellite Radar
techniques to evaluate forested wetland condition, hydroperiocity, and perform synoptic
carbon sequestration estimates and forest allometry via remote sensing.
Recommendation: Work with the US Forest Service to discover and implement
improved methods to monitor and track riparian and other important de-nitrophication

area conditions basin-wide.

The best available land cover data for the Bay watershed are four new 30m resolution datasets
derived from Landsat satellite imagery for 1984, 1992, 2001 and 2006. These data were created by MDA
Federal under contract to USGS. The University of Maryland has also produced 30m resolution

impervious cover maps for 1992 and 2001 for the Bay watershed. NOAA'’s Coastal Change Analysis
Program (NOAA C-CAP) has produced 30m resolution land cover maps exist for 1996, 2001 and 2005 for
the eastern half of the Chesapeake Bay Watershed. However, resources must be secured for acquisition

and processing of future imagery.

Recommendation: CBPO needs higher temporal frequency of land cover data to better
understand causes of change on the landscape related to water quality. Hyperion
satellite and airborne hyper spectral imagery across the watershed (including the water)
are among the known possible solutions.

Recommendation: States need to coordinate the acquisition of National Agriculture
Imagery Program (NAIP) and leaf-off imagery so that the data include an infrared band
and are temporally consistent and spectrally comparable across the Bay watershed.
Recommendation: CBPO needs sampling protocols and affordable software to derive
tree canopy and impervious cover from high-resolution imagery. The extent and pattern
of both of these lands cover type's impacts water quality.

Recommendation: The recent no-cost release to the public of the entire Landsat record
dating back to Landsat 1, launched in 1972, needs to be exploited by developing or
encouraging new automated techniques to identify and quantify annual or better

landscape disturbances in forests and other land cover conversions in the last 35 years.

The acquisition and processing of remote sensing data for land use and land cover applications is

expensive and requires high levels of technical expertise. However, this are two areas where there are

numerous opportunities to establish partnerships with other federal entities to achieve program goals.

Recommendation: Establish a partnership with the US Army Corps of Engineers
(USACE) Joint Airborne LiDAR Bathymetry Technical Center of Expertise (JALBTCX) for

39



shallow and deep Bay waters bathymetry and estuary habitat monitoring and
characterization. Mission is to perform operations, research, and development in airborne
LiDAR bathymetry and complementary technologies to support the coastal mapping and
charting requirements of the USACE, the US Naval Meteorology and Oceanography
Command, and the NOAA. JALBTCX staff includes engineers, scientists, hydrographers,
and technicians from the USACE Mobile District, the Naval Oceanographic Office
(NAVOCEANO), the USACE Engineer Research and Development Center (ERDC), and
NOAA National Geodetic Survey. To-date this data resource has not been exploited for
water quality, coastline change/erosion mapping and habitat condition in the Chesapeake
Bay Estuarine Area.
Recommendation: Develop partnerships through USGS, USDA, and NOAA to obtain
LIDAR for watershed applications including:
= Perform a coverage and quality gap analysis of existing LiDAR data among the
Bay states and assess its relative utility and cohesiveness.
=  Provide tools and analyses to demonstrate and assist in the use of multi-return
and full waveform LiDAR technology for watershed analysis.
= Provide tools and analyses to demonstrate and facilitate the use of Radar
technology for mapping forested wetlands and measuring wetland services.
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Appendix B- Chesapeake Action Plan Monitoring Needs Gap
Analyses
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Appendix C- Summary of Federally Funded Monitoring

Programs
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Table C1. Summary of Federally Funded Monitoring Programs Reported to the 2009 Chesapeake Bay

Program Monitoring Inventory as of 1 July 2009. CDC=Center for Disease Control, COE-Army Corps of

Engineers, EPA-Environmental Protection Agency, NASA-National Aeronautics and Space Agency, NOAA-

National Oceanic and Atmospheric Agency, NPS-National Park Service, NSF- National Science Foundation,
USDA-United States Department of Agriculture, USFWS-United States Fish and Wildlife Service, USGS-
United States Geological Survey. An Asterisk next to an agency name denotes a program, which was

submitted to the inventory after 1 July 2009 and has not yet been verified to meet the current working

definition of a monitoring program.

Agency Monitoring Program

CDC Virginia Harmful Algal Bloom Surveillance Program

COE Poplar Island Monitoring Program-Benthic Monitoring

COE Poplar Island Monitoring Program-SAV Monitoring

COE Poplar Island Monitoring Program-Toxics Monitoring

COE Poplar Island Monitoring Program-Water Quality Monitoring

EPA Cat Point Creek Virginia Project

EPA Chesapeake Bay Program Non-Tidal Water Quality Network

EPA Delaware Air Quality Monitoring Program

EPA District Of Columbia Air Quality Monitoring Program

EPA District Of Columbia Aquatic Macro Invertebrate Monitoring Program

EPA District Of Columbia Phytoplankton Monitoring Program

EPA District Of Columbia Water Quality Monitoring Program

EPA District Of Columbia Zooplankton Monitoring Program

EPA District Of Columbia-Point Source Compliance Monitoring Program

EPA Friends Of Stafford Creeks-Alliance For Chesapeake Bay Citizen Monitoring Program

EPA Maryland Shallow Water Quality Monitoring Program

EPA Maryland Ambient Air Monitoring Program

EPA Maryland Chesapeake Bay Water Quality Monitoring Program: Long-Term Tidal T’ributary Chemical/Physical
Component

EPA Maryland Chesapeake Bay Water Quality Monitoring Program: Mainstem Chemical/Physical Components

EPA Maryland Chesapeake Bay Water Quality Monitoring Program: River Input Chemical/Physical Component

EPA Maryland Non-tidal Tributary Water Quality Monitoring Program-Core Trend Program

EPA New York Ambient Air Quality Monitoring

EPA Pennsylvania Air Quality Monitoring Program

EPA Potomac River Shad Monitoring

EPA Susquehanna River Basin Commission Interstate Macro invertebrate Monitoring Program

EPA Susquehanna River Basin Commission Nutrient Monitoring Program

EPA United States Environmental Protection Agency-National Study Of Chemical Residue In Lake Fish

EPA Virginia Air Quality Monitoring Program

EPA Virginia Ambient WQMonitoring Program

EPA Virginia Chesapeake Bay Water Quality Monitoring Program: Mainstem And Tidal Tributary Chemical/Physical
Components

EPA Virginia Lake Monitoring Program

EPA Virginia Striped Bass Monitoring And Tagging Survey

EPA* National Coastal Assessment Survey/National Coastal Condition Survey

EPA” National Rivers And Streams Survey/Wade Able Streams Assessment/ EMAP-Mid-Atlantic Highlands Area/Mid-
Atlantic Integrated Assessment

EPA,NOAANASA Eyes On The Bay

EPA,USFWLS, NOAA Chesapeake Bay Submerged Aquatic Vegetation Aerial Survey

NASA National Aeronautics And Space Administration- Earth Observing System- AM And PM Missions

NASA National Aeronautics And Space Administration- Seastar Mission

NOAA Chesapeake Bay Mullispecies Monitoring And Assessment Program
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Agency Monitoring Program

NOAA Delaware National Oceanic And Atmospheric Administration-National Weather Service Climatological Data
Network

NOAA Maryland American Eel Population Study- Silver Eel Survey

NOAA Maryland American Eel Population Study- Yellow Eel Survey

NOAA Maryland American Eel Population Study- Young Of Year Survey

NOAA Maryland National Oceanic And Atmospheric Administration-National Weather Service Climatological Data
Network

NOAA Maryland Oyster Stock Assessment Program

NOAA National Atmospheric Deposition Program-National Trends Network

NOAA National Estuarine Research Reserve System-Monitoring Program

NOAA National Estuarine Research Reserve System-Monitoring Program

NOAA National Oceanic And Atmospheric Administration- National Weather Service Solar Radiation Network

NOAA National Oceanic And Atmospheric Administration-Coastal Prediction Center

NOAA National Oceanic And Atmospheric Administration-National Data Buoy Center- National Weather Service

NOAA National Oceanic And Atmospheric Administration-National Water Level Observation Network

NOAA National Oceanic And Atmospheric Administration-Physical Oceanographic Real-Time System

NOAA National Weather Service-Airport Weather Monitoring Network

NOAA New York National Oceanic And Atmospheric Administration-National Weather Service Climatolegical Data
Network

NOAA Virginia Juvenile Blue Crab Survey

NOAA Virginia Juvenile Fish And Blue Crab Survey

NOAA Virginia National Oceanic And Atmospheric Administration-National Weather Service Climatological Data Network

NOAA Virginia Shark Long Line Survey

NOAA West Virginia National Oceanic And Atmospheric Administration- NWS Climatological Data Network

NOAANPS United States Park Service-Chesapeake Bay Interpretive Buoy System

NOAA,USGS National Oceanic And Atmospheric Administration-Coastal Change Analysis Program

NPS Chesapeake Bay Observing System

NPS National Park Service- Fredericksburg And Spotsylvania National Military Parks-Water Quality Monitoring

NPS National Park Service- National Capital Region Network-Water Quality Monitoring

NPS National Park Service- Richmond Area National Parks-Water Quality Monitoring

NPS National Park Service- Shenandoah National Park-Water Quality Monitoring

NPS National Park Service-Ground Water Internal Compliance Monitoring

NPS* Mid-Atlantic Inventory and Monitoring Network-Benthic Bird Monitoring

NPS” Mid-Atlantic Inventory and Monitoring Network-Benthic Forest Vegetation Monitoring

NPS* Mid-Atlantic Inventory and Monitoring Network-Benthic Invertebrate Monitoring

NPS* Mid-Atlantic Inventory and Monitoring Network-Water Quality Monitoring

NPS* Northeast Coastal And Barrier Inventory And Monitoring Network-Assateague Island National Seashore/George
Washington Birthplace NM Fish Monitoring

NPS* Northeast Coastal And Barrier Inventory And Monitoring Network-Assateague Island National Seashore/George
Washington Birthplace NM- Salt Marsh Vegetation Monitoring

NPS* Northeast Coastal And Barrier Inventory And Monitoring Network-Assateague Island National Seashore/George
Washington Birthplace NM- SAV Monitoring

NPS* Northeast Coastal And Barrier Inventory And Monitoring Network-Assateague Island National Seashore/George
Washington Birthplace NM- Water Quality Monitoring

NPS* Northeast Coastal And Barrier Inventory And Monitoring Network-Colonial National Historical Park- Fish
Monitoring

NPS* Northeast Coastal And Barrier Inventory And Monitoring Network-Colonial National Historical Park- Salt Marsh
Vegetation Monitoring

NPS* Northeast Coastal And Barrier Inventory And Monitoring Network-Colonial National Historical Park- Water Quality
Monitoring

NPS* Northeast Coastal And Barrier Inventory And Monitoring Network-George Washington Birthplace — Forest
Vegetation Monitoring

NSF,USDA Baltimore Ecosystem Study

USFWS Bald And Golden Eagle Monitoring

USFWS Bog Turtle Monitoring In Maryland
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Agency Monitoring Program

USFWS Citizens Submerged Aquatic Vegetation Hunt Program

USFWS Interjurisdictional Species Stock Assessment For Adult Migratory Fin Fish

USFWS Maryland Adult American Shad Hook And Line Survey

USFWS Maryland Adult Shad And Herring Pound And Fyke Net Survey

USFWS Maryland Fisheries Dependant Fyke Net Survey

USFWS Maryland Fisheries Dependent Striped Bass Hook And Line Survey

USFWS Maryland Juvenile Shad And Herring Surveys

USFWS Maryland Largemouth Bass Surveys

USFWS Maryland Shoal Water Trawl Survey

USFWS Maryland Striped Bass Spawning Stock-Gill Net Survey

USFWS Maryland Striped Bass Young Of Year Beach Seine Survey

USFWS Maryland Survey Of Coldwater Streams

USFWS Maryland Survey Of Freshwater Impoundments

USFWS Maryland Upper Bay Trawl Survey

USFWS Maryland Warm Water Rivers Survey

USFWS Maryland Waterfowl Breeding Survey

USFWS Peregrine Falcon Monitoring

USFWS Tiger Beetle Monitoring

USFWS Virginia American Eel Young Of Year Survey

USFWS Virginia Shad And Herring Gill Net Survey

USFWS Virginia Striped Bass Young Of Year Beach Seine Survey

USFWS Wintering Waterfowl Survey

USFWS” Blackwater NWR Monitoring Program-Bald Eagle Mid-Winter Survey

USFWS* Blackwater NWR Monitoring Program-Bald Eagle Nest Count

USFWS* Blackwater NWR Monitoring Program-Christmas Bird Count

USFWS* Blackwater NWR Monitoring Program-Deimarva Peninsula Fox Squirrel Benchmark Site Monitoring

USFWS* Blackwater NWR Monitoring Program-FWS Water Quality

USFWS* Blackwater NWR Monitoring Program-National Amphibian Monitoring Program

USFWS* Blackwater NWR Monitoring Program-Water Quality Monitoring

USFWS* Blackwater NWR Monitoring Program-Waterfowl Survey (non-breeding)

USFWS* DC Bird Survey Program

USFWS* DC Wildlife Survey

USFWS* District of Columbia Angler Survey

USFWS* District of Columbia Habitat Monitoring And Enhancement Survey

USFWS* District of Columbia Resident And Anadromous Fish Survey

USFWS* Eastern Neck NWR Monitoring Program-Christmas Bird Count

USFWS* Eastern Neck NWR Monitoring Program-National Amphibian Monitoring Program

USFWS* Eastern Neck NWR Monitoring Program-Non-Breeding Waterfowl Survey

USFWS* Eastern Neck NWR Monitoring Program-SAV and Marsh Vegetation Monitoring

USFWS* Land bird Breeding Point Count Surveys — Rappahannock River Valley, Presquile, and James River NWRs

USFWS* Land bird Fall Migration Surveys — Rappahannock River Valley NWR

USFWS* Monitoring Of Bog Turtle Colonies At Sites In Immediate Proximity To Development In Southeastern
Pennsylvania

USFWS* NWRC Monitoring Programs-Bald Eagle Nest Count

USFWS* Patuxent NWR Monitoring Programs-Deer dusk index survey

USFWS* Patuxent NWR Monitoring Programs-Deer night-light index survey

USFWS* Patuxent NWR Monitoring Programs-Frog call survey

USFWS* Patuxent NWR Monitoring Programs-Gypsy moth egg mass survey

USFWS* Patuxent NWR Monitoring Programs-Waterbird survey

USFWS” Patuxent NWR Monitoring Programs-Whip-poor-will survey

USFWS* Patuxent NWR Monitoring Programs-Woodcock survey

USFWS* Pennsylvania Angler Use, Harvest, and Opinions on Warm/Cool water Resources

USFWS* Pennsylvania Pond, Lake and Reservoir Inventory, Reporting and Management
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Agency

Monitoring Program

USFWS* Pennsylvania River Inventory, Reporting and Management

USFWS* Pennsylvania Trout Stream Inventory, Data Entry, and Management Plans

USFWS* Pennsylvania Warm water/Cool water Stream Inventory, Reporting and Management
USFWS* Plum Tree Island NWR -NE Beach Tiger Beetle Surveys

USFWS* Prothonotary Warbler Nest Box Productivity and Banding Project — Presquile

USFWS* Rappahannock River Valley NWR -Secretive Marsh bird Callback Survey

USFWS* Rappahannock River Valley NWR -Winter Grassland Bird Surveys

USFWS* Rappahannock River Valley NWR-Anuran Callback Surveys —

USFWS* Rappahannock River Valley NWR-Bald Eagle Winter Trapping, Banding, and Tracking Project
USFWS* State of Virginia Annual Piping Plover survey

USFWS* Summer and Winter Bald Eagle Shoreline Surveys within the Rappahannock River Bald Eagle Concentration Area
USFWS* Summer Bald Eagle Shoreline Surveys at James River NWR and adjoining lands

USFWS~ Timber Rattlesnake Site Assessment and Inventory Project

USFWS* TNC, Virginia Annual Oystercatcher survey

USFWS* Virginia Coldwater Stream Investigations (Trout stream mgmt)

USFWS* Virginia Large Impoundment Creel Surveys

USFWS* Virginia Large Impoundment Investigations

USFWS* Virginia Small Impoundment Creel Surveys

USFWS* Virginia Small Impoundment Investigations (Sampling)

USFWS* Virginia Trout Angler Surveys

USFWS* Virginia Trout stream acidification investigation

USFWS* Virginia Trout Stream Classification Review And Update

USFWS* Virginia Warm water Stream Creel Surveys

USFWS* Virginia Warm Water Stream Investigations (Sampling)

USFWS/COE Poplar Island Monitoring Program-SAV Monitoring

USFWS\NOAA™ Eastern Neck NWR Monitoring Program-SAV Monitoring

USFWS\USDA* Eastern Neck NWR Program-Gypsy Moth Monitoring

USFWS\USGS* Blackwater NWR Monitoring Program-USGS/MDE Hydrologic Monitoring

USGS International Breeding Bird Survey

USGS United States Geological Survey-Fairfax County Monitoring Network

USGS United States Geological Survey-Groundwater Observation Well Network, Delaware

USGS United States Geological Survey-Groundwater Observation Well Network, Maryland

USGS United States Geological Survey-Groundwater Observation Well Network, Southern Maryland
USGS United States Geological Survey-Groundwater Observation Well Network, Virginia

USGS United States Geological Survey-Land Cover Change Monitoring

USGS United States Geological Survey-National Hydraulic Bench Mark Program

USGS United States Geological Survey-National Stream Quality Accounting Networks

USGS United States Geological Survey-Stream Flow Gauging Station Network

USGS/NASA University Of Maryland's Regional Earth Science Applications Center-Impervious Surface Monitoring And Land

Use Change Monitoring
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Appendix D- Summary of Priority Monitoring Partnership
Opportunities

111



112



Table D1. Summary of High Priority Partnership Opportunities. A review of all identified monitoring

programs was conducted to assess partnership potential should resources become available to pursue
these opportunitites. The five or six most promiseing candidates were identified from each CAP goal area
and ranked. The ranking criteria included 1) probability collaborating success, 2) utility of data across

multiple CAP goal areas, 3) potential participation costs 4) is data of sufficient data quality for CBP

applications, 5) is data of spatial and temporal resolution adequate for CBP use and 6) Stability of funding
from partner organization. Based on the evaluation and ranking process the following programs were
identified as high priority candidates for collaboration.

Program Area Monitoring Program Rank
OBSERVING SYSTEM | Extend Land Cover Data to 2011 HIGH
Ecological Resource Assessment-Update Resource Lands Assessment
OBSERVING SYSTEM to '06 + 5 year increments thereafter HIGH
United States Fish and Wildlife and National Oceanographic and
FISHERIES Atmospheric Administration Fisheries Programs HIEH
WATER QUALITY ARS CEAP - Choptank River monitoring HIGH
National Oceanic and Atmospheric Administration-Coastal Prediction
Center in conjunction with National Aeronautics and Space
OBSERVING SYSTEM Adminstration-Earth Observing System- AM & PM Missions, and il GH
SeaStar Mission
WATER QUALITY St. Mary's College WQ Monitoring Program HIGH
WATER QUALITY NSF Baltimore LT Ecosystem Study HIGH
National Oceanic and Atmospheric Administration-Physical
OBSERVING SYSTEM | Oceanographic Real-Time System and National Data Bouy Center- HIGH
National Weather Service
WATER QUALITY DC Water Quality Monitoring Programs HIGH
WATER QUALITY Fairfax Co. BMP study HIGH
WILDLIFE United States Fish and Wildlife Service-National Wetland Inventory HIGH
WATER QUALITY Conestoga River TMDL monitoring MID
WATER QUALITY VDEQ Smith Creek TMDL MID
FISHERIES szzlr'i;a:yStates Fish and Wildlife Service-National Wild Fish Health MID
WATER QUALITY MWCOG Anacostia River MID
WILDLIFE United States Geological Survey Biological Sciences Program MID
WATER QUALITY Virginia Institute of Marine Sciences Chesapeake Bay Initiative MID
WATER QUALITY MDE Corsica River monitoring MID
OBSERVING SYSTEM | Full waveform LiDAR LOW
OBSERVING SYSTEM | USACE National Coastal Mapping Program LOW
WATER QUALITY Montgomery Co. WQ and Benthic monitoring LOW
OBSERVING SYSTEM | MODIS/ AWIFS equivalent LOW
OBSERVING SYSTEM | LandSat LOW
WATER QUALITY Watershed Association and Volunteer Monitoring Programs LOW

113




17425

aal ‘8|qels ‘uojisanbe ejep 'Seale [epl Ul buLOjIuOW juiod SM-YYON ‘SON-YYON 901N JSUBOM
se pamaln sy welford | 9|puey o} Jejuso Kyenb Jajem snonuiuod maQ ‘ainjesedws] I8jep Jeuoie -18jua)) Anog ejeq
swaks |euonebireu diys glep oy uiyels | o} Buipuny paseasosp Aq | ‘ammesaduwis] sty ‘Aouspus] JeuoljeN pue wajsAg awi|
ulejulew o} sjuswalinbai Juswabeuew pajealo sdeb )i 0} pasn 2IN$531d ‘2INssald -[eay olydeibouead() |ealshyd
0} an(y'sjooojoid ejep ajow 9q Ajlenuajod pjnoo eleq ouaydsowly -uofjeljsiuiLIpy oLaydsoully
VO pue juswabuew | pasu pjnom 4g9) ‘1sn9) puIp; ‘paads pue 21UB2() [BUCHEN
ejep paysi|qeyse PUIp 'UoROBIQ PUIA Ajuljes
oM yyim Juswabeuew ‘SJUBLIND ‘S|[OS Jajem
ejep sapiaoid pue
skonq Jo aoueusjuiew
10} Bupuny buons
sapinoid AuaLnd yyON
aqL "20IAKas Duissaooid ‘asn “SI19)EM |epl Ul Juswdojanap VSYN ‘SON-YYON UOISSIj Ie)SBaS pue
ejep |je sopiroid ejep ul Buiures sJejowwed oydeiboiphy Japun spnpoud Jayjo 'SUOISSI Nd 8 INY -WalsAS
oym Ja)uan) uornaipald pue sapelbidn aiseq pue uopjueidopfyd pue Apiginy ‘|Aydoojyo BuwuasgQ yue3-uonensuiwpy
|e}seo0n) spuny Aguauno alemyos ‘Aep 1o} Buuojuow ‘a1njeladwal 80BUNS 89S 20edg pue Sojneuoay
SON-YYON ‘VSYN pue s1empley 1o} Buipuny pasesioap [EUOKEN YHMm uoiounfuod
WOl JSO0 OU Je 9|qe|leAe 18ndwod £q pejeaso sdeb Ul Jojuay) UORDIPald [B)Se0)
s1 A1obew ayjjeles paau |im sy} Iy 0} pasn aq Ajenusiod -UoljelisiuiLupy duaydsow)y
‘jonpoud asay} pInoa pue siseq Ajiep pue 91ueas() [euoiieN
asn AjpAnoays | e uo abelanoo aydesboab
0} 3|qe aq apm sepiroid eleq
o} jsishjeue 499
a0l Joj Japlo U
qaL welboud gaL “Uileay paysicjem ysu u suabyjed SMASN Ranng yyeay
apim uoneu e jo ped pue ysi $sasse 0} Ysy Jo Jo Aji1eA B JO 90URINOI0 ysid P |eUOlEN-30IAIRS
Se SA3AINS 853y} S}onpuod suone|ndod (p(im) Buibuel paousJael Ajjeaiydesboas) SJIIPIIAA PU® Ysid sajels pajun
o0} siauped Q9N pue -38) U 80US1IN9J0
{BO0] ‘SJE]S YYIM 3JBUIPIO0D usboyped uo ejeq
pue 'spunj M4SN
00°000°001$ ‘Juswabeuew “sisk|eue pue “sweiboid “ysi a|qnjea Ajjeaawiwod S4-VYON ‘SMASN sweibold
¥o0}s pue skanns uoysanbe ejep usamjaq abueyoxe pue Ajeo16o|02s jo skanins SaLBYSI UOHRASIUIWPY
S3LI8Ysy 10} UONEUIPIOSD |  B|pUBY O} Jajusd ejep Jejnbai ajeyjoe4 Juepuadapul salaysi4 ousydsoulyy pue
weiboud sepinoid yyON Ejep ay) Ul jels "sajiAljoe Bunoyuous oydeiBouead [euoljleN pue
‘sweiboid Bunoyuow Juswabeuew SaLBYSI pue Jejgey ajl|p|Ip PUE USI] SAjelS pajuNn
Lsl} jep-uou pue ejep sJoL ‘Aufenb 1e1em sjeulpiood
[EpN SnoJawnu Joj Bulpun; | pasu pinom 499 Jagaq o} Ajunpoddo
sigjsiwpe o sapinoid apinold pinop
weiboid sausysy SMASN
(8)s3s09) SuoNqUIu0Y Jauped suonngLyuo) diyssdped Jo spjiuag $jonpoid eyeq Asewld 1ouped |enusiod weiboid Bupojuoy
uopedionued da9
153

‘swiesboid Ayunuoddo diysisyued Ajuoud ybiH jo Arewwns a)9jdwod "zg ajqel




Shi

aaL

Alabeur jo
sisA[euy pue buisseoold

agaL

osipodxe
pUE $30IN0S3l PaleyS

"S80|AISS puefam buunsesiu
pUE SpUB[aM Pajsaioj
Buiddew Jo} ‘siskjeue
uoijejebion paysiajem

10} Yy ULIOJoAEM

I} pue Wnja-Hinw

9sn 0} sasAeue pue s|oo}
‘sisAjeue deb ejep yvan

VVON Pue 'vasn 'sosn

dvarT WojoAeM nd

aaL

Alabew; Jo
siskjeuy pue Buisssoold

adlL

asiadxe
PUB $821n0S3l paJeys

"sIeah

GE 58| BY} U] SUOISIOAUCD
19A0D PUBY JAYIO pUE S]S3I0}
u| saoueqnjs|p adeospue
Jaeq 1o

[enuue Aypuenb pue Ayjuepi
0} sanbiuyos) pajewoine
MBU BIA ‘Z/6) Ul payoune|
‘| Jespue o} yoeq bupep
pl0oa Jespuet] amus

auy} o oqnd s o} asesjel
}S09-0U Jug931 ay) Jojdxg

YYON Pue 'yasn ‘sosn

1espue

adlL

Kiabeuwn jo
sisA[euy pue buisseo0id

adl

asipadxe
Ppue §32.n0sal paleys

Aiabewn

IlI9}es SJIMY 0 SIGON
‘Ryenb 1e1em 0} pajerel
adeaspuej ay} uo abueys
JO Sasnes puejsiapun
19)}9q 0} BJEP 19A0D pUE) JO
Kouanbey [elodwsa) JeybiH

WYON Pue 'vasn 'sosn

Jus[eAinbe SIMY /SION

asi

UojeULIojUI
Kanuns Jojesipul
[EJUBLULONALS pUB
UOIJeLLLIOJU} 8SN PUB/IancD
pue} DHOJSIY pLe JuaLng

JswdopAs(
aseqejeq

as() pue] Jano)
pueT pue S|9

“SONIAROR
uonosjo.d/uopeniasald
Jo} seale Jo bupebiey

pue

UOIJeOAUSP] B4} 10} |00}
a|qesuadsipu; ue sapioid

swaysAsooa pue spue|
funoajoud soj euanLO pue
uoneuLojul mau apiroid pue
uonosjoid pue uofelo}sal
10} 39U JSOL UJ paysIajem
ay) Jo sped jafiie|

VYON PUB yasn 'sosn

I1eyealay) sjuswanul 1eak
G+ 9Q, 0} JUSLLISSASSY SpUET

301059} ajepd-juswssassy

80In0saY [e2160j003

agal

yonpoid
siy} ut ysausyul buiddepano
aney Aew YYON

00 'asiuadxy
‘ABojopouoly
‘alempleH

uonweloju| abueyo
I19A0D PUEB| BAISBY0D
Jo} spaau Buiobuo sjeapy

1102/0102 10}
sdew abuey?) Jano) pue|

VVYON S9SN

L0z
0} EJeq JoA0Y) pueT pusixg

(GRS
uonedioiied

SUORNQUIUOD JoUNES

suopnqujuey
dfd

diysiapied Jo sjyluag

Sj9NpoId Ejeq Aewilig

Jauped [eRuajod

weibold buuopuoy




91l

aal "seale asn pajeubisap “sjuawbes [epy ul Aues ©3q ewibip ybnoiy: ‘SWIA angeniy|
le ui uabAxo paajossip pue ‘dwsay ‘AydoJojyd Aeg axyeadesay) saouaIg
3 Jo JuswSSasse pue Ajpign} ‘usbAxo auLep Jo ajmAsy| eluibiA
pue jdaouod 9)enooe ue apinoid | panjosSIp JO SjuswalnseaLl
9} pamainal IM SJUSWAINSEaW @-¢ ‘uonnjosal ybiy
sey dg0 Joeup esey] “Aenquy
e Jo ypesiq pue yydap
auua ay) inoybnoiy)
sisjoweled euajo
DM aInseaw Apoalip
uea ey} ABojouyos) meu
e padojenap sey SWIA
00'000'05$ *$9110)eI0qE| [BUOIDS. “WojsAs 'SdNg ueqin Jayjo "SIONY BlSOoBUY pue *0)8 "sdnoib usziyo ‘'sosn ‘Aeioog sweiboid
9 woy synsal Bunedwod Juswabeuepy pUB S|[OAUOD JB)RMULIO}S | OBWOJO ] SU) Ul SUOREIS +0§ paysiajepq BISOOBULY ‘SJUBLLUIBAOCS) JO [I9URCY Buuoyuopy Anienp) 181 0Q
10} s9|dwes jou0d uoRewlou| ‘JusuULeal] 13)eMalsem 12 (04 ‘slenw ‘eluowwe uojbuysepr (3aQ) uswuonaug jo yuswpedaq 9d
Ayjenb sasedaid yeig ayeadesayn JossausAjoays | ‘Auep ‘0Q) suswainseaw
‘Juawsbeuew ejep pue uelep 3004 ay} Bunenjens DM Apjeamig Jo
sisAjeue ge| ‘Budwes se | alols 0} snNUNUOD Joy |josn jaselep oy | Alyuow ‘wisl-buot :3a0Q
yons segiARoe sabeuew "IlAudolojyo oxeus pjnom [|Aydolojyo
w5 sajeledo 3007 ‘snioydsoud pue 41 ‘N Joy Bunsa}
‘usboiu | [euoHIPPY 'SjusLUSSASSE
|e10] :ssojewered BLBJLO DM 10}
|euonippe dgo Aq pasn Apussaid
1o} Butpuny maN aleejep OQ ‘sdnosb
Buuojiuow Buowe
suone}s Buioyuow
Jo abesanoo [efeds
158q 8y} 88y 302d
aqL Kiabeuwt jo Buipung | Kiems3 Aeg ayeadesay) uonezusjorIeyd X214V 30VSN weibold Buddep
sisAjeuy pue buissaoold 8L} Ul UORIPUOD pue Buuojuow Jeyqey [B}se0)) [eUCEEN JDYSN
1e1qey pue Suiddew Kienjsa pue AjswAuyleq
uoisola/abueyd aulpsecd sJojem Aeq daap pue
‘Ayenb ssjep 1o} | mojjeys asiuadx3 Jo 19jus)
sjuswalinbal bulyoiep [ealuyoa] AnswAyeg
Hyar ewogiy juior
{$)s1s09 SuolNQUIU0Y Jauped SuojNqUU0Y diysiapied jo syyluag S]onpold eleq Aewud Jaujed [enusjod weibo.d Buuoyuoy
uonedioiped dgo

953




L1

adl | buydwes paysialem lews 'Yd Ul paysisiem ¥s913 ejep o1bojoiq pue speo vasn 'd3avd 094s butiojuow
10} sisAjeue ejep yim djay obemouo?) ay) se yons |  JuBWIPSS pue JUSLNU ‘BlEp AL laniy ebojssuo)
pue Buliojuow 8)euIpIo0D spaysJajem [einynaube Ayjenb Jsjem ‘ejep sjios
pinom DgyS pue 43avd Auoud Jayio ul JojuoL ‘glep JaACOPUE| ‘aSNpUE]
dioy pinoo dnoub siyy
'paysisiem [eimnoube
Ayuoud e ur st Buuoyuopy
aglL “A}IGEIUNO39. 10} POOS) EEEEM “spodal aApaidiojul "spodal pue sa)sqam (019 "axconueN '181say) "apoyy sweibold
'9]€0S PAYSISIEM [[BWS | SN pue Sjenjead yidep-ul aney pue ‘spJeo Hodal se yons 2 1S9M ‘YIN0S ‘ianag) Buuiojuop Jadaayaay Buuoyuoy Jeajunjop
€ UO suofoe Jusiuabeuew 0) Alessaoau ‘Aylenb Jsjem o) uonippe sjonpoud SUOREIIUNWWOD puejArely (919 'yeopueuayg au) jo PUE UORRID0SSY PausIalep
JO SSaUBAROaYe aq pjnom Ul SOLOJUSAUI BSN pue] aonpoud suoneziueblp |  spuai ‘Aeg axeadesay) ayj 1o} souel|ly) sweiboid
oy Buissasse UoHBUIPJO0D anisus)ul arey sdnoib “SJusIANU BLUOS Buuoyuoly || [9Ae] Kouaby-uoNjuaziyy eiuibaip
Jo} Juepodul aq [Im sisheue |ejonsg ‘swelford ‘aunjesadws) pue 1y20as
1s9J0JU1 pue abpsjmouy EJep pue Buuoyuow se)s ueyy | ‘uabAxo panjossip ‘AjfeoidA
18907 "E}Ep DA Ji1seq Juowabeuew Kouanbay Jaybiy pue
elep ‘g0uBINSSe | S9[OS JO||PWS JB JOJUOL
Ajienp Kew sdnoib asay|
00°000°0028 spoje "‘Buuue|d )00 'sayoeal (Wows) pueikiepy jo0 abajjo) sARI 1S weiBoid bulioiuoW
siouueid Juswabeuew Aunoo ‘speo| aAISsaaxe |epli-uou ¥§ |epy ul Hede DM abajjon s ey 18
Aunod o} Yoea[no pue €jep pue 10 $82IN0S ‘SPEQ| A Z ~ peoed aue suoge)s
spodal aaisuayaidwod | Buydwes DA 0} JUSWIPaS pue juatynu DM ‘OelIolod 8y} 0}
‘gjep [los pue asn | Buipunj snoinaid 'SJUBWSSOsSSE BUSHI | Aselnguy e ‘UaAry S Alep 1S
pue| ‘DM Jo uoneaidisjul DM ‘sabueyo asn pue| | o} ejep JoAcO puejjasn pue|
9 sishjeue Juswabuew Buissasse Jo} suteseg pue Buipeo] ‘Ayjenb Jajepp
pue Buiuued 108l0id :sasn a|dyinw aAey pue
SWID uo 9|ge|ieAe ale
Ejep |le ‘spoyjawu 480
Buisn 900z-6661 Lol
Pajo9||02 aiem EJep DM
-Bujuuerd asn puej [eao|
10} EJEp [EJUSLLIUOIIAUD
Bunesunwwods pue
Bunaidisyul ‘Bunos)joo
10} weiboid Ligjdwaxe
ue padojanap sey WOWS
{$)s1s09 SUORNQUIUO0Y JaUped suopnNquUu0Y diysiaped jo syyiuag sjonpold eye( Alewild Jaupied [enusjod weiboig buuoyuoy
uonedionied dgo

153




8Ll

aaL siskeue bBunpodal pue seale buiziueqingns ejep |edibojolq “ejep '0J XeHie4 'SHSN Kpnis g "0D Xepie
ejep ‘JusWagiojus sisayjuis eleq pue buiziueqin PEO| JUSWIPaS pue Jusiynu
DUE UONEN|EAS pue seale UBqINgNS ‘eyep Ajijenb 1ajem ‘ejep
'Bunjoe uoneuswaldw puE Seale ueqn S|I0S ‘19A00pUE)/aSNpUE]
‘Buniojiuow 1e Bupjoo) 100lo.d anbjun ‘ejep uonejuswaydw|
DM SSaUaAoays
paysisiem |lews
aal JUSLISIOD poddns SeaJse uequn elep [eaibojoiq ‘ejep 90IMN 19AY BlIS00BLY HOOMIN
pue uonen[eAs Bunoyuopy ul spuay} Ajienb Jejem e PEO| JUSLLIPAS PUE Juainu
‘Bunjory uonejuswa(dwi syoo| ‘jafoid wiey-buo ‘ejep Ajenb sojem ‘ejep
‘Buopuow DAL 108 'J9A0OPUE|/ASNPUE|
‘ejep uonejuswajdw|
adl sisfjeue SISSUJUAS Bl seale ueqin ejep [e2160|01q ‘ejep ‘07 KiswoBjuopy “YNAaW bunojluow Jjyjuag
ejep pue Guuojuow DA u1 spuayy Ajifenb Jajem e peo| JUSLUIPSS pue JusiNu pue DM "09 Aswobjuop
$y00] ‘109f01d wuel-buo ‘ejep Ajenb Jojem ‘ejep
S}JIoS '1oA0IpUE|jasNpuUe)
‘ejep uonejuswaldw
REN sishjeue uorjejadIaul seale uegin ejep [eaibojoig ‘gjep | 901MaS 188104 SN ‘'SOSN APMS wis)sAs0d3 alownjeg Apmg
ejep pue Huuojuow DR pue ul spuad) Ajjenb sojem je PEO| JUSWIPSS pUe Jusuinu wa)sAs003 | 7 alownieg 4SN
sisk|eue ejeq syoo] ‘10eloid wiel-buo ‘ejep Ajenb Jojem ‘ejep
$)I0S 'JOAOOPUB|/aSNpUE|
aal bupojjuow sseusAoRYe Yoddns yueydoy) ay) Speo| UNAAW 'dv30 YV vasn Bunoyuow
‘JUSLIDIOND {eonAjeue Ul SAIpN}S paysialem ul | Juswipss pue juslnu ‘ejep 1aAy yueydoys - dy30 SHY
pue uofjen[ead ‘voddns PSAJOAU] OS[e SI. SI8Y)0 Ayjenb Jsjem ‘ejep sjios
‘Buiyoey) uonejuswalduw Bunojuop pue sjosfoid S9SN ‘eJep Janoopue| ‘esnpue|
‘Bupoyuow DM ‘suoloe Juswabeuew ‘ejep uoneuswadu
10 SSUBAIO3YS
auy; Bunenjeas
UO 81 SN90} dy39
‘Jasejep [eauojsiy Buoj
e sey Jaaly yuejdoy)
a4l siskieue Yoddns | uopeyuswajdul paseasoul ejep olbojolq "ejep sjios NIND "OIAA "yoaL euibIIA AN 9910 WWS DIAA
ejep ‘JuaLLSoIojUd Bunoyuopy 10§ BUI| Ul SI paYSIBEM ‘ejep JoAoOpuUE| ‘asnpue|
pue uojjen|eas sly] “peysioyem Auoud ‘Blep uonejuawa|du
‘Bunjoe. uonejuswa|duw SOUN E s13jea1) yiws
‘Bupojuow
feaibojoiq pue DM
aqaL swaoia | i4sishjeue eyeq safuoud ejep 01ho|oIq pue Speo HNOW ‘30w | Bunojiuow Jeary 31100 IAN
puUE UOjeN|eAd $,dQ0 Y} OJUI S1 YOIYm | JuSWIPAS pue Jual)nu ‘ejep
‘Bunjoen uopejuswajdwi ‘suonoe Juswabeuew Ayienb 1aem ‘ejep sjios
‘Bunonuoy DM 1O SSOUBAROBYR ‘eJep JOAOOPUE| ‘asnpuUE|
au} bunenjers ‘ejep uonejuawaldw|
30} 109l01d e s1}08f0.d
paysialem JoAY BOISION)
{$)s1809 suopNqUiuo? Jeuped suonnqUu0Y diysiaped §o syjiuag sjonpoid ejeq Aewid 19UME |BIJUS)Od weiboig Buuopuoy
uonedioied db9

153




6Ll

adalL Spuejom ES) "apim Aeq abelaoe "sajepdn oipousad WM SM4SN Kiojusnu
Jo} Aiebew ayjeles ajepdn v pays | ui sabueyo yoex Apeinaoe 616} [E39 UIp;Emos) Buisn PUBJSAN [BUOHEN-80IMSS
a|qejieae jo siskleuy | Jojem jo Aquoud 0} sjenbape uognjosal pauissepo Buisn puegam SJIIPIIV PUB Ysid SSJelS pajiun
anow 0} papiaoid 1 JUSISSaSSe Spuesm jo buiddew a|6ueipenb
9q 0} psau apwnoid pjnom eleq aydeiBodoy 0000041
pinom Butpun 10 000'72: SOSN S9pirold
agl weJboid apim uoeu ‘sisk|eue pue "Spoau bupojuow SOJRIqaHaAUI S9SN weiboid
e Jo yed se sAanuns asaly uoysanbe ejep uojeuaws|dwi [eo pue ysi ‘spaiq ‘sajidal $89Uapg [ealbojolg Aening
S}oNpuod pue spuny SOSN | 8jpuey o) Jjuso paysisiepm pue jejqeH ‘sueqiyque:buipnjoul eatBojoag) sajels papiun
EJEp 8y Ul Je)s a|dg)nw 105w 0} Ejep sdnoub sidpjnw jo
Jawabeuew a|qnea apiroud pjnog) | sniejs yiesy [edifiojods pue
EJEP S10W uoANQUSIP ‘8oUBPUNGE 10}
pasu pjnom dg9 KsAIng spual pue snjelg
{§)sis0 suofingiiuod Jeuyied suognquyuog diysiapied jo sjyiuag sjanpoid ejeq Aleulid Jaupied [eRuajod WeJboid buliojuoly
uogedionsed dgd

83




