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COASTAL RESTORATIONMONITORING INLOUISIANA - PARTNERING TO MEET DATA
NEEDS

Gregory D. Steyer and James B. Johnston

U.S. Geological Survey, National Wetlands Research Center, 700 Cajundome Blvd., Lafayette,
Louisiana, USA 70506

The Coastal Wetlands Planning, Protection, and Restoration Act (CWPPRA) has supported the
implementation of 96 restoration projects in coastal Louisiana since 1990, encompassing over 1.07 million
acres of wetlands and waters. A monitoring program was designed to quantitatively assess effectiveness of
each project over a 20-year project life. Due to the temporal and spatial scale of this effort, the Louisiana
Department of Natural Resources developed a partnership with the U.S. Geological Survey’s National
Wetlands Research Center to plan, implement, and manage the data collection, analysis, and information
dissemination effort. Scientific input into experimental design, quality assurance and data interpretations
are provided through peer-review by CWPPRA partners and the academic community. Although this
collaboration has been effective in meeting monitoring mandates, opportunities exist for improvement in
utilizing monitoring data through better feedback mechanisms and partnerships with the academic
community and resource managers throughout the Gulf of Mexico.

Keywords: monitoring, wetland restoration, CWPPRA, Louisiana
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ALABAMA'S COASTAL MONITORING AND ASSESSMENT PROGRAM - INTEGRATION
AT THE STATE AND REGIONAL LEVEL

John Carlton and Scott Brown
Alabama Department of Environmental Management, 2204 Perimeter Road, Mobile, AL 36615

During the summer of 1993, the Alabama Department of Environmental Management (ADEM)
implemented an environmental monitoring and assessment program (ALAMAP-C) for Alabama's Coastal
waters. ALAMAP-C has conducted annual surveys of estuaries to measure various environmental
attributes, which can be interpreted or used as indicators of coastal water quality. The overall sample
design and strategy for monitoring indicators of ecological condition was inspired by the U.S.
Environmental Protection Agency's EMAP-Estuaries efforts in the Gulf of Mexico. The god of this
program is to provide information on the overall health of the estuarine environment and to track the
health over time.

ALAMAP-C provides information on the ecological condition of Alabama's estuaries. Ecologica hedth

is being assessed by investigating the spatia distributions of physical, biological, and chemica indicators.
The program determines what portions of estuaries support conditions that are favorable for both aquatic
life and human use and it also attempts to determine why certain areas may not be favorable for either
aquatic life or human use.

The spatial divisions used by ALAMAP-C have evolved through the years since its implementation but
the program continues to investigate the ecological condition of Alabama's estuaries, including Mobile
Bay, Perdido and Wolf Bays, the Alabama section of Mississippi Sound, and the tidal portions of the
Mobile and Tensaw Rivers and delta system. ALMAP-C has successfully completed sampling efforts
during the summer months of 1993-2000 in all of Alabama's near-coastal waters. In 1997 thefirst in a
series of reports on the condition of the Alabama's estuaries was published. In 2001, data gathered since
the first report will be examined and the findings will be presented to the public.

Keywords: ADEM, ALAMAP-C, EMAP-Estuaries, Alabama's estuaries
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TAMPA BAY WATER QUALITY ASSESSMENT, A COLLABORATIVE LONG-TERM
MONITORING EFFORT

Andrew P. Squires (1), Tom Cardinale (2), Roger Johansson (3), and Robert Brown (4)

(1) Pinellas County Dept. of Environmental Mgmt., 300 S. Garden Ave., Clearwater, FL 33756

(2) Environmental Protection Commission of Hillsborough County, 1900 9" Ave., Tampa, FL 33605
(3) City of Tampa, 2700 Maritime Blvd., Tampa, FL 33605

(4) Manatee County Environmental Management Dept., 202 6th Ave. E., Bradenton, FL 34208

Water quality monitoring in Tampa Bay has been a collaborative effort by the Environmental Protection
Commission of Hillsborough County (EPC), the City of Tampa (COT), Pinellas County (PC), and
Manatee County (MC). EPC operates the most comprehensive program and has reported water quality
since 1974 at over 50 sites covering Old Tampa Bay (OTB), Hillsborough Bay (HB), Middle Tampa Bay
(MTB), and Lower Tampa Bay (LTB). COT began reporting water quality in HB and MTB in 1978,
while PC and MC programs were initiated in 1991 (Boca Ciega Bay) and 1992 (Terra Ceia Bay/Manatee
River), respectively. Through coordinated efforts spearheaded by the Tampa Bay Nationa Estuary
Program, environmental managers have made remarkable progress in coordinating their efforts
geographicaly and standardizing sample collection and analytical methods. Local environmental
managers formed the Southwest Florida Regional Ambient Monitoring Program (RAMP) group to
develop consistent and comparable sampling and analytical techniques. The resultant monitoring network
can provide unbiased assessments of status and trends in water quality through incorporation of
probabilistic sampling techniques patterned after USEPA's EMAP methods. Monitoring results show
considerable water quality improvement in most bay segments since the early 1980s, and improved
conditions persisting through the 1990s. Spatial and temporal patterns and trends in water quality are
reviewed based on nutrient, chlorophyll-a, dissolved oxygen, turbidity, and Secchi disk depth
measurements. The importance and role of the monitoring network with respect to the Tampa Bay
Nationa Estuary Program’s Comprehensive Conservation and Management Program is also discussed.

Keywords: Pinellas County, Hillsborough County, Manatee County, City of Tampa, Tampa Bay, water
quality, monitoring, National Estuary Program, EMAP, chlorophyll, nutrients
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EFFECTIVE MONITORING PARTNERSHIPSIN THE NATIONAL ESTUARINE RESEARCH
RESERVE SYSTEM

Maurice P. Lynch

Chesapeake Bay Nationa Estuarine Research Reserve in Virginia; Virginia Ingtitute of Marine Science;
College of William & Mary; Gloucester Point, VA 23062

The National Estuarine Research Reserve System (NERRYS), isitself afedera (NOAA)-state partnership.
The 25 separate reserves have effectively partnered to develop a system wide monitoring program
(SWMP) that has continuously measured water quality (salinity, temperature, dissolved oxygen, pH,
turbidity) at two or more locations for the past several years. The reserves also operate one or more
meteorological stations, usualy in close proximity to the water quality stations as part of this program.
SWMP data has been used to examine estuarine response to extreme weather events (hurricanes) and to
examine dissolved oxygen in shallow water systems.

Many of the Reserves also routinely monitor water quality throughout their watersheds with the use of
adult and school aged volunteers. The data collected are usually subjected to rigorous quality
assurance/quality control procedures and in several states are used by local and state governments for
management purposes. Several of the Reserves publish summaries of the data collected through these
partnerships.

In addition to water quality, NERRS partnerships are monitoring Black Brant on their annual migrations
from the Canadian Arctic to Mexico, Western Atlantic Shorebird migrations from Canada to South
America, horseshoe crabs, oysters, red tide, exotic plants, tree diseases, fecal coliforms, oysters, fish,
macro invertebrates and a host of other items. The NERRS relies on its partnerships, particularly those
using volunteers for much of its monitoring. The Reserve infrastructure provides the continuity and
quality control and assurance to ensure that the information collected by these largely volunteer effortsis
scientifically defensible and properly archived.

Keywords: monitoring, water quality, volunteers, National Estuarine Research Reserve System, hirds,
animals, plants
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TRANSLATING TWO DECADES OF PARTNERSHIPS INTO CHESAPEAKE BAY
BASINWIDE MONITORING NETWORKS

Richard A. Batiuk

U.S. Environmental Protection Agency, Chesapeake Bay Program Office, 410 Severn Avenue,
Annapolis, Maryland 21403

Since the early 1980s, partnership-based monitoring in the Chesapeake Bay region has evolved from a
Maryland/Virginiad EPA tidal water quality monitoring focused on the mainstem Bay to now include a
collaborative redesign of a basinwide non-tidal water quality network spanning six states and hundreds of
regional and local jurisdictions. Throughout the two-decade history of monitoring program coordination
in the Chesapeake region, there have been several keys to the successful, ongoing transition from
hundreds of individual monitoring programs and data collection efforts to integrated baywide and
basinwide networks. Beyond the partnership buzzword, there have been a number of operating principles
learned, including:
- Shared quantitative restoration goals, management commitments and programmatic objectives

agreed to at dl levels,

Multi-agency decision making on funding arrangements and allocations;

Nested series of coordinating bodies empowered to make a full array of decisions directly

impacting all the partners;

Collaborative network designs whereby the partners gain more then operating independently;

Underlying quality assurance infrastructure ensuring data quality amongst a multitude of data

sources;

Academic/management agreements promoting integration of research and monitoring;

Structured, data analysis driving further network integration;

Coupled airshed, watershed, and estuarine ecosystem modeling driving further integration with

monitoring; and

Commitment to distributed information management backed up through signed agreements.

Throughout the transition, partnership has taken on many new meanings.

Keywords: Chesapeake Bay, monitoring, partnerships, funding, monitoring networks
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HIERARCHICAL NESTING OF PARTNERSHIPS AND PROBABILITY BASED SAMPLING
TO DETERMINE LEVELS OF BENTHIC COMMUNITY DEGRADATION IN THE
CHESAPEAKE BAY

Daniel M. Dauer! and Roberto J. Llans®

! Department of Biologica Sciences, Old Dominion University, Norfolk, VA 23529
2VERSAR Inc, Columbia, MD 21045

The extent of degradation of benthic communities of the Chesapeake Bay was determined by applying a
previously developed Benthic Index of Biotic Integrity (BIBI) at six nested spatial scales. Allocation of
sampling was probability based alowing areal estimates of degradation with known confidence intervals.
The six spatial scales were (1) the tidal Chesapeake Bay and al its tributaries, (2) tidal Chesapeake Bay
and tributaries within Virginia, (3) the James River within Virginia, (4) the Elizabeth River watershed
within the James River, (4) the Southern Branch within the Elizabeth River, and (6) Scuffletown Creek
within the Southern Branch. The areas covered by the six sampling strata varied from 10° to 10 km?.
Areal estimates of degraded bottom may vary greatly at smaller spatial scales indicating where restoration
efforts are most needed. In 1999 the percent degraded bottom, as indicated by poor benthic community
condition, for the entire Chesapeake Bay was 48% and varied from 20% in the polyhaline stratum at the
mouth the Bay to 72% in the Potomac River. The sampling programs and data needs were partnerships of
various combinations of the US Environmenta Protection Agency, the US Army Corps of Engineers, the
Maryland Department of Natural Resources, the Chesapeake Bay Program Office of the Virginia
Department of Environmental Quality, the Tidewater Regional Office of the Virginia Department of
Environmenta Quadlity and the Elizabeth River Project. The latter is a non-profit organization with
participation from citizens, municipal governments, state agencies, academic ingtitutions, federal
agencies, the US military, and private industry.

Keywords: Spatia scales, Benthic Communities, Partnerships, Degradation, Benthic Index of Biotic
Integrity, Chesapeake Bay, Contamination, Low Dissolved Oxygen
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TEMPORAL AND SPATIAL CONSIDERATIONS FOR WATER QUALITY MONITORING IN
PACIFIC NORTHWEST COASTAL SYSTEMS

Rick A. Reynolds and Jan A. Newton

Environmental Assessment Program, Washington State Department of Ecology, Box 47710, Olympia,
WA, 98504-7710

The natural variability of indicators, and the causes contributing to this variation, are important
considerations in the design and interpretation of monitoring programs to assess ecological status and
human impact. Different indicators may vary on dissimilar spatial and temporal scales, thus requiring
different monitoring strategies. Utilizing results from recent monitoring and research programs, we
discuss variability in physical, chemical, and biological water quality parameters in coastal estuaries of
Washington State over a range of spatial and temporal scales.

Within this region, waterbodies differ considerably in physical characteristics such as size, shape, and
surrounding watershed, which leads to heterogeneity in water residence times, stratification intensity and
persistence, and susceptibility to eutrophication. Furthermore, at a given location water properties are
often extremely dynamic as a result of strong physical forcing over a wide range of temporal scales (e.g.
tidal, seasonal, and interannual). For example, indicators such as phytoplankton biomass may vary more
than tenfold within a 2-3 week period at a single location. Finally, Pacific coastal systems have strong
connections with the Pacific Ocean, which exerts a large influence on water attributes. Upwelling events
can bring intrusions of high nutrient low oxygen oceanic waters into these systems, circumstances that
can mimic conditions commonly attributed to human caused eutrophication. This dictates that estuarine-
oceanic coupling and large-scale climate variation is also a necessary consideration for interpetation of
results from monitoring programs in this region.

Keywords: coastal monitoring, water quality indicators, spatial and temporal variability, Pacific estuaries
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INTEGRATION OF PROBABILITY-BASED MARINE MONITORING AT THREE
SPATIAL SCALES

George Robertson?, Mally K. Leecaster?, Stephen B. Weisherg®, Kerry Ritter®

! Orange County Sanitation District, PO Box 8127, Fountain Valey, CA 92728

2 INEEL, Bechtel WBXT Idaho, LLC, 2525 N. Fremont Ave., PO Box 1625

Idaho Falls, ID 83415-3779

3 Southern California Coastal Water Research Project Authority, 7171 Fenwick Lane
Westminster, CA 92683

Monitoring of southern California coastal waters is presently conducted on three spatial scales to address
different goals. The first sampling program focuses on the national scale, as EPA endeavors to achieve its
national assessment through implementation of Coastal 2000. The second program is a regional assessment
led by the Southern California Coastal Water Research Project, which has similar assessment requirements,
but also seeks to compare conditions among subpopulations such as coastal urban runoff zones and offshore
wastewater outfalls. The third sampling program monitors the effects of point-source discharges, where
there are needs to map gradients away from an individual facility’s discharge and to assess trends at sites
along these gradients. These programs have been designed so that estimates can be generated using data from
all of these programs. Integrating data from regional and national scalesis facilitated by their common use of
the EMAP sampling design, which is employed with stratification at varying densitiesin the regional scale
monitoring. Local point source monitoring is based on a systematic sampling grid and its integration with
regional monitoring requires merging spatial and inferential estimates. Indicators measured in all three
programs are similar, but differences in methods require intercalibration to ensure comparability.

1
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MONITORING COASTAL RESOURCES AT MULTIPLE SPATIAL AND TEMPORAL
SCALES: LESSONS FROM EMAP

J. Kevin Summers
U.S. Environmental Protection Agency, NHEERL/GED, 1 Sabine Island Drive, Gulf Breeze, FL 32561

In 1990, EMAP's Coastal Monitoring Program conducted its first regional sampling program in the
Virginian Province. This first effort focused only at large spatial scales (regional) with some stratification
to examine estuarine types. In the ensuing decade, EMAP-Coastal has conducted numerous regiona
monitoring efforts including most of the Nation’'s coastal resources culminating in a concurrent national
survey in 2000-2001. Throughout this decade, EMAP has examined the role of differing spatial and
temporal scales on the conduct, interpretability, and utility of information devel oped from these surveys.
Using examples from the Mid-Atlantic Integrated Assessment (Chesapeake Bay), the Western Pilot (West
Coast), the Integrated Water Resources Monitoring Program (Florida), and Coastal 2000 (National), the
use of varying multiple scales for monitoring and the enhancement of then information resulting from the
surveys are shown. Using nested spatial and temporal monitoring designs, the conceptual EMAP
probabilistic approach is producing informative and useful data for the management of coastal resources
at the national, regional, state and local scales.
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USE OF PATH ANALYSISTO INTEGRATE MULTIPLE STRESSORS

Kent Thornton!, Q. Jerry Stober?, Ronald Jones®, and Dan Scheidt*

L FTN Associates, Ltd. 3 Innwood Circle, Ste 220, Little Rock, AR 72211
2 EPA Region 4-SESD, 980 College Station Road, Athens, GA, 30605-2700
3 SERC, Florida International University, Miami, FL 43112

* EPA Region 4-SESD, 980 College Station Road, Athens, GA, 30605-2700

The US Environmental Protection Agency (EPA) Region 4 initiated a project in 1992 to assess the effects
of mercury contamination on the South Florida Everglades Ecosystem. This project was designed around
the EPA Ecological Risk Assessment Framework and implemented using a statistical survey design to
conduct synoptic surveys during the wet and dry seasons from 1994-1996. During this first phase of the
project, soil, water, and biota were sampled at about 500 sites throughout the 9600 km? marsh to assess
the effects of hydropattern, phosphorus loading, habitat alteration and mercury contamination on the
marsh ecosystem. Three conceptual models were developed, one for each of three large spatial areasin

the marsh, to describe the pathways and interactions among factors affecting fish mercury concentration.

Path analysis or structural equation models were developed based on these conceptual models. These
structural eguation models were used to determine the strength of associations among the variables
included in the conceptual models. In general, there were significant differences in mercury pathways
among the three areas. North of Alligator Alley, chemical interactions were important in affecting
mercury bioaccumulation, while south of Tamiami Trail, biological pathways were important in affecting
fish mercury concentrations. Additional analyses are continuing to investigate other conceptual models
and to move from standardized to reduced form eguations for use in projecting changes in fish mercury
concentrations as a function of changes in stressor values.

Keywords. Structural equation models, statistical analysis, modeling, mercury, assessment
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THE IMPORTANCE OF CONS DERING SPATIAL ATTRIBUTESIN EVALUATING
ESTUARINE HABITAT CONDITION: THE SOUTH CAROLINA EXPERIENCE

Robert F. Van Dolah!, Pamela C. Jutte!, George Riekerk®, John D. Jones!, Martin Levisen!, David E.
Chestnut? and William McDermott?

! South Carolina Department of Natural Resources, Marine Resources Research Institute, P.O. Box 12559,
Charleston SC 29412

2 South Carolina Department of Health and Environmenta Control, Bureau of Water, 2600 Bull .
Columbia SC 29201

The South Carolina Estuarine and Coastal Assessment Program (SCECAP) was initiated in 1999 to assess
the condition of the state's coastal habitats using multiple measures of water quality, sediment quality,
and biological condition. Sampling has subsequently been expanded to include components required for
the Coastal 2000 Program. Habitats are classified as either “tidal creeks’ (< 100 m in width) or larger
“open water” bodies. Approximately 30 sites are sampled within each habitat during the summer months
using a probability-based random sampling design. Results obtained from the first two years of sampling
have documented significant differences in severa water quality parameters (DO, pH, selected nutrients,
turbidity, fecal coliform bacteria) and biological measures (e.g. chlorophyll-a, finfish and crustacean
abundance and biomass) between the tidal creek and open water habitats. These differences highlight the
value of partitioning shallow water habitats separately from the larger open water bodies traditionally
sampled in estuarine monitoring programs, especially since tidal creeks serve as critical nursery areas for
many species. Based on the differences observed, there is a clear need to identify different physical and
biological thresholds for evaluating the condition of each habitat type. The 1999-2000 data also indicates
that single point-in-time measures of some variables (e.g. DO) are not aways a good indicator of longer-
term averaged measurements collected at a particular site.

Keywords: water quality, sampling design, finfish, habitat
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A MULTIPLE REFERENCE MONITORING APPROACH FOR EVALUATING
WETLAND RESTORATION TRAJECTORIES

Gregory D. Steyer!and Charles E. Sasser?

1 U.S. Geological Survey, National Wetlands Research Center, 700 Cajundome Blvd., Lafayette,
Louisiana, USA 70506
2 | ouisiana State University, Coastal Ecology Ingtitute, Baton Rouge, Louisiana, USA 70803

Wetland restoration efforts conducted in Louisiana under the Breaux Act require monitoring the
effectiveness of individua projects, as well as monitoring the cumulative effects of al projectsin

restoring, creating, enhancing, and protecting the coastal landscape. Traditional paired-reference
monitoring approaches have been ineffective due to difficulty in finding comparable reference sites. A
multiple reference approach is proposed that uses aspects of hydrogeomorphic functional assessments and
probabilistic sampling. This approach includes a suite of reference sites that encompass the range of
ecological condition for each stratum, with projects placed on a continuum of conditions found for that
stratum. Tragjectories in reference sites through time are then compared with project trgjectories through
time. Issues regarding selection of indicators and strata, and determination of sample size will be
discussed. The approach proposed could serve as a model for evaluating wetland ecosystems.

Keywords: monitoring, wetland restoration, Louisiana, reference, HGM
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Biological Indicators: Research Advances and Challenges
for Implementation
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RESPONSES OF DEMOGRAPHIC, MORPHOLOGICAL, AND CHEMICAL
CHARACTERISTICSOF TURTLE-GRASS, Thalassia testudinum, TO EL NINO RUNOFF: AN
UNEXPECTED TEST OF INDICATORS

Paul Carlson', Laura Y arbro®, Gil McRae', James Fourqurean?, Cynthia A. Moncreiff®, Michael Durako?,
Kevin Madley*, Manuel Merellot, and Herman Arnold*

! Florida Marine Research Intitute, 100 Eighth Avenue SE, St. Petersburg, FL, 33701
2Florida International University, Miami, FL

$University of Southern Mississippi, Ocean Springs, MS

“University of North Carolina-Wilmington, Wilmington, NC

We examined the response of demographic, morphological, and chemical characteristics of turtle grass
(Thalassia testudinum), to much-higher-than-normal rainfall in the winter of 1997-1998. Turtle grass was
selected as our indicator species because it is the dominant seagrass speciesin the Gulf of Mexico and
because it is highly vulnerable to declines in water quality. The El Nino rainfall of 1998 triggered
widespread and persistent phytoplankton blooms and provided an excellent opportunity to test the
responsiveness of Thalassia to the decline and subsequent improvement of water quality and clarity in
four West Florida estuaries. The responses of several Thalassia morphological parameters were
temporally and spatially consistent with light stressinduced by El Nino runoff. However, some
parameters lacked the discriminating power necessary to be useful indicators. Larger sample sizes might
improve the power of those parameters in future studies, but, given our sampling program, Thalassia
shoot density, blade width, blade number, and shoot-specific leaf area were the most promising measures
of light stress. Spatial and temporal variation patterns of most chemical parameters- elementa ratios and
stable isotope ratios- were not consistent among sites. The chemical parameters which exhibited the most
spatialy and temporally consistent variation , as well as discriminating power, were rhizome sugar,
starch, and total carbohydrate concentrations. Because changes in shoot density, as well as water clarity,
affect rhizome carbohydrate levels, a parameter based on Thalassia shoot density and rhizome
carbohydrate levels together is probably more useful than either parameter alone as an indicator of
seagrass health.

17
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BIOEFFECT THRESHOLDSFOR PREDICTING RISKS OF BENTHICIMPACTS IN
RELATIONTO SEDIMENT CONTAMINATIONALONG THEU.S. ATLANTICAND GULF OF
MEXICO COASTS

Jeffrey L. Hyland!, R.F. Van Dolah?, J.F. Paul®, JK. Summers*, W.L. Bathis?, V.D. Engle?, and E.R.
Long®

1 NOAA National Ocean Service, 219 Fort Johnson Road, Charleston, South Carolina

2 South Carolina Department of Natural Resources, 217 Fort Johnson Road, PO Box 12559, Charleston,
South Carolina, 29422-2559

3 U.S. Environmental Protection Agency, 27 Tarzwell Drive, Narragansett, Rhode Island, 02882

4 U.S. Environmental Protection Agency, 1 Sabine Island, Gulf Breeze, Florida, 32561

517631 83 Ave SE, Snohomish, Washington, 98296-8007

Matching data on sediment contaminants and macroinfauna from 1,349 samples collected as part of
EMAP in estuaries along the U.S. Atlantic and Gulf of Mexico coasts were used to define thresholds for
evaluating risks of benthic community-level impacts in relation to multiple-contaminant exposure.
Sediment contamination was expressed as the mean ratio of individual contaminant concentrations
relative to corresponding sediment quality guidelines (SQGs), including Effects Range-Median (ERM)
and Probable Effects Level (PEL) values. Benthic condition was assessed using multi-metric biotic
indices developed for each region. Cumulative frequencies of stations with an impaired benthic
assemblage were plotted against ascending values of the mean ERM and PEL quotients. Based on the
observed relationships, contaminant levels were divided into four ranges corresponding to either a low,
moderate, high, or very high incidence of impaired benthic condition. Results showed that condition of
the ambient benthic community provides areliable and sensitive indicator for evaluating the biological
significance of sediment-associated stressors. Upper thresholds, marking the beginning of the
contaminant range associated with the highest incidence of benthic impacts (73-100% of samples,
depending on the region and type of SQG), were well below those linked to high risks of sediment
toxicity as determined by laboratory survival tests conducted with single species. Measures of the
condition of the ambient benthic community reflect the sensitivities of multiple component species and
life stages to persistent exposures under actual field conditions. Similar results were obtained with
preliminary data from the west coast (Puget Sound).

Keywords: Benthic indicators, sediment quality assessment and forecasting, sediment contamination,
predicting benthic stress, U.S. Atlantic and Gulf of Mexico estuaries
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FORAMINIFERS AS BIOINDICATORS IN CORAL REEF ECOSYSTEMS: THE FoRAM
PROTOCOL

Pamela Hallock and Heidi Crevison

College of Marine Science, University of South Florida, 140 Seventh Ave. S., St. Petersburg, FL 33701,
USA (pmuller@marine.usf.edu, crevison@marine.usf.edu)

Coral-reef communities are threatened worldwide. Resource managers urgently need indicators of the
biological condition of reef environments that can relate data acquired through remote-sensing, water
quality and benthic-community monitoring to stress responses in reef organisms? Reef-dwelling
foraminifera, especially taxa that host algal symbionts, show great potential for use as indicators of reef
vitality:

« Foraminifera are widely used as environmental and paleoenvironmental indicators.

 Zooxanthellate corals and foraminifera with algal symbionts have similar environmental requirements.

« A readily identifiable and abundant genus, Amphistegina, exhibits similar stress responses to those
found in corals.

« The relatively short life spans of foraminifera as compared with colonial coras facilitates differentiation
between long-term decline and episodic stress events.

« Foraminifers are relatively small and abundant, permitting statistically-significant sample sizes to be
collected quickly and relatively inexpensively.

» Collection of foraminifera has minimal impact on reef resources.

The “FORAM” (Foraminifersin Reef Assessment Monitoring) protocol is the synthesis of 30 years of
research on reef sediments and reef-dwelling larger foraminifera. The three-tiered procedure includes
sediment-constituent analysis, which can address questions of historical change and reference-site
suitability; analysis of live foraminiferal assemblages to indicate the suitability of sites of concern for
organisms with algal symbionts; and analysis of Amphistegina populations for evidence of specific
stressors to which these foraminifers respond similarly to coras. Future research to identify and quantify
physiological and molecular responses to specific stressors will further facilitate use of larger
foraminifers as bioassay organisms in reef research.

Keywords: bioindicators, coral reefs, foraminifera, zooxanthellag, algal symbiosis
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BURROWING MAYFLIES (HEXAGENIA) AS INDICATORS OF ECOSYSTEM HEALTH

Thomas A. Edsall and Carol C. Edsall

U.S. Geological Survey, Great Lakes Science Center, 1451 Green Road, Ann Arbor, Michigan
48105

The U.S. Environmental Agency and Environment Canada have hosted three State of the Lakes
Ecosystem Conferences (SOLEC) since 1966 to encourage the development of Great Lakes indicators of
ecosystem health. These indicators are to be used for reporting to the governments of the United States
and Canada and the public on progress in restoring and maintaining the chemical, physical, and biological
integrity of the Great Lakes ecosystem, as called for in the Great Lakes Water Quality Agreement
between the two countries.

Here we report on the development of a SOLEC indicator based on burrowing mayflies (Hexagenia).
Burrowing mayflies are large aguatic insects that spend 2-3 days as winged adults and the rest of their 2-
year life span as nymphs burrowed in the lake bed. Burrowing mayflies were selected because they (1)
were historically abundant in unpolluted, soft-bottomed mesotrophic habitats throughout the Great L akes,
(2) areintolerant of and were extirpated by pollution in most of those habitats in the 1940s-1950s, (3)
have shown the ability to recover aimost completely in one of those habitats following pollution
abatement, (4) have highly visible mating swarms of winged-adults, that can carry the message directly to
an informed public that the source water body is healthy, and (5) are ecologically important as
bioturbators of lakebed sediments and as trophic integrators that link detrital energy resources directly to
fish, which feed preferentially on them. A recently completed study of burrowing mayfliesin the
connecting waterway between Lakes Huron and Erie showed that annual production (P) could be
estimated by regression analysis from the mean annual biomass (B) by the equation P = 2.4 B (R2 = 0.94).
The addition of data from other published studies in North Americato the analysis changed the relation
dlightly to P= 2.5 B (R = 0.96), showing the relation was broadly stable and suggesting it could be used
to estimate annual production of burrowing mayflies over most of their northern range. Further sampling
and analysis showed that the mean annua biomass could be estimated by the equation B = 0.47 Bjune (

R? = 0.8), where Bjune represented the biomass of nymphs longer than about 16 mm in samples collected
in June. This approach minimizes the sampling and sample processing effort required to use Hexagenia as
areliable, quantitative indicator of ecosystem health.
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INTERACTIVE EFFECTS OF FOOD WEB ALTERATIONS AND CONTAMINANT
EXPOSURE ON FISH POPULATIONS IN THE SAN FRANCISCO ESTUARY: IDENTIFYING
THE RELEVANCE OF ECOLOGICAL INDICATORS

William A. Bennett?, Swee J. Teh?, Susan L Anderson®, and Kathyrn M. Kuivila*

1 John Muir Institute of the Environment

2 Department of Anatomy and Physiology, University of California, Davis, CA. 95616

3 Bodega Marine Laboratory, University of Cdlifornia, Davis, CA., P.O.B. 247 Bodega Bay, CA 94923
4 U.S. Geological Survey, Placer Hall, 6000 J Street Sacramento, CA 95819-6129

Fishes of the San Francisco Estuary have been subjected to rapid changes in the abundance and
composition of zooplankton food resources due to invasive species and exposure to pesticides in urban
and agricultural run-off. These factors can act alone or synergistically to affect growth rates, year-class
success, and future reproductive success. We quantified the mechanisms underlying "condition" of larval
striped bass by developing indices in the laboratory based on morphometry and histopathology. Indices
were then implemented in field-studies in conjunction with monitoring surveys of fishes and water
chemistry. In the field, these indices successfully distinguished the relative importance of pesticide
exposure from poor feeding success. We recently increased the power of this approach by tying in
evaluations of fish otoliths to assess growth rate and pattern, as well as genetic eco-toxic responses to
contaminant exposure for individua larva and juvenile delta smelt, a threatened species. For individual
specimens, histopathological analyses of hepatic tissue indicate site-specific abnormalities consistent with
a contaminant etiology. Comparison of growth rates and DNA strandbreaks as measured by an
electrophorectic assay (the Comet Assay) among sites indicates lower growth rates as well as higher
percentages of damaged DNA at the sites in which abnormal histological condition was also identified. In
addition, water chemistry evaluations indicate elevated, yet sublethal, concentrations of pesticides at the
time of specimen collection. Collectively, these integrated studies suggest an approach for quantifying
biological indicators that can be trandated from individuals to populations, as well as readily incorporated
into monitoring programs.

Keywords: Condition indices, histopathology, otolith, DNA strandbreaks, Comet Assay, biological
indicators, fish growth and mortality
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BIOLOGICAL INDICATORS FOR MONITORING SALT MARSH STRUCTURE
AND FUNCTION: FOCUS ON VEGETATION AND NEKTON

Charles T. Roman
USGS, Patuxent Wildlife Research Center, University of Rhode Island, Narragansett, Rl 02882

Salt marsh ecosystems are changing in response to sea level rise, atered tidal flow, nutrient enrichment,
invasive species, and other natural and human-induced agents. Long-term monitoring of the fundamental
biological components of salt marshes, such as vegetation and nekton, is essentia to understanding how
habitat support function is responding to environmental stressors. For Cape Cod National Seashore (MA),
a comprehensive long-term coastal monitoring program is under development, with all ecosystem types
represented (estuaries and salt marshes, freshwater ponds, dunes and spits, and maritime forests). For salt
marshes, quantitative methods have been developed and field-tested for evaluating changes in the species
composition and relative abundance of vegetation and shallow-water nekton. The overall program is
designed so that many of the individual monitoring protocols (e.g., watershed development, nutrient
loading, geomorphology, nekton, marsh vegetation, etc.) are tightly linked. Effective management of salt
marsh habitat functions is best achieved when managers can detect changes in species composition or
abundance, and aso have an appreciation for the human-induced or natural factors contributing to those
changes. The salt marsh vegetation and shallow-water nekton sampling protocols developed for Cape
Cod National Seashore are being successfully applied at other coastal units throughout the northeastern
US. Monitoring vegetation and nekton indicators, using similar methods at numerous sites along an
impact gradient, may enable definition of ecologically acceptable thresholds of change and targets for
habitat restoration.



Coastal Monitoring Programs: Results from Successful
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REGIONAL MONITORING OF THE SHORELINE MICROBIOLOGY OF THE SOUTHERN
CALIFORNIABIGHT: DIALOGUE, COOPERATION, AND RESULTS

Rachel T. Noble!, Mally K. Leecaster!, Charles D. McGee?, Douglas F. Moorée’, Victoria Orozco-Borbon?,
Ken Schiff!, Patricia M. Vainik®, and Stephen B. Weisherg*

! Southern California Coastal Water Research Project (SCCWRP), Westminster, CA 92683

2 Orange County Sanitation District, Fountain Valley, CA 92708

3 Orange County Public Health Laboratory Santa Ana, CA 92706

4 Instituto de Investigaciones Oceanol égicas, Universidad Auténoma de Baja California, Ensenada,
México

® City of San Diego Metropolitan Wastewater Dept., San Diego, CA 92106

An extensive amount of routine bacteriological monitoring is performed along the coastline of Southern
Cdlifornia. However, most beach water quality monitoring is focused on “problem areas’. In order to
examine beach water quality from a regional perspective, more than 20 agencies, institutions, and
laboratories that perform routine bacteriological monitoring in the Southern California Bight (SCB)

banded together to perform 3 studies. Two of the studies spanned 5 weeks each, during August/September
1998 and February/March 1999, and were conducted during dry weather. In February 2000, a single-day
study was conducted immediately following a large storm event. All three studies involved stratified
random sampling of the entire SCB for total coliforms, fecal coliforms and enterococci. The two studies
conducted during dry weather indicated good water quality along the coastline (> 90% of the shoreline-
mile-days were below indicator bacteria thresholds). Even during dry weather, storm drains were
identified as problem areas, with 40% of the shoreline adjacent to storm drains exceeding thresholds,
demonstrating the detrimental effects of non-point source urban runoff. During the storm event study,
58% of the shoreline miles exceeded thresholds, demonstrating the striking impacts of urban runoff on the
entire coastline. These three studies were the result of dialogue and cooperation between more than 30
organi zations comprised of City and County water quality agencies and sanitation districts, academic
institutions, volunteer and non-profit organizations, State and Regional Water Quality Boards, and

Mexican scientists. The scientific results of these three cooperative studies have aready had bearing on
decision-making in water quality management.

Keywords: water quality, regional monitoring, microbiology
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COASTAL 2000 AND THE 21ST CENTURY SCIENCE/MATH TEACHER SKILLS PROJECT:
A PROFESSIONAL DEVELOPMENT EXTENDED PARTNERSHIP

Claire Antonuccit, Stacie Sieber2, Jane Weiss?

1 New Jersey Marine Sciences Consortium (NJMSC), Sandy Hook Field Station, Building #22, Fort
Hancock, NJ 07732, Monmouth University, School of Science, Technology and Engineering and School
of Education, West Long Branch, NJ 07764

2 Colts Neck High School, Colts Neck, NJ 07722

COASTAL 2000 monitoring and research provided a unique opportunity to combine K-12 education with
Congressman Rush Holt’s 21 Century Science/Math Teacher Skills Project. The Holt initiative seeks to
reduce teacher isolation from the scientific community, improve teacher retention rates, improve curricula
in the sciences, and serve as amodel for national reform in high school science and mathematics
education. The 21% Century Project established partnerships among business, industry and government
and local school districts to place high school teachersinto “real-world” coasta research programs.
NJIMSC's proposal, linking Coastal 2000 to the initiative, was one of six projects selected for funding by
Monmouth University, manager of the 21% Century Project. Through COASTAL 2000 research, teachers
had the opportunity to work side-by-side with scientists in field and laboratory aboard the NJMSC's
research vessel, the R/V Walford. In summer of 2000, two New Jersey high-school teachers assisted
scientists with research tasks on Delaware Bay including sample collection, laboratory analysis, and data
interpretation. The teachers also worked with NJMSC Education Program staff to translate their COASTAL
2000 experiences into learning modules, case studies and laboratory exercises for use in formal and
informal educational settings. The teacher’ s experiences and the impact this partnership has had on their
teaching, their students, and their school will be addressed, including a review of curricular materials
produced.

Key Words. Coastal 2000, professiona development, extended partnership, K-12 education, coastal
research, curricular materials
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OREGONCOASTAL EMAP—-PARTNERSHIPS AND LESSONS LEARNED

Mark F. Bautista and Greg A. Pettit

Oregon Department of Environmental Quality (both authors); Laboratory Division — Water Quality
Monitoring Section; 1712 SW 11" Ave.; Portland, OR 97201

The State of Oregon is participating in the five-year Western Pilot Coastal EMAP and has completed the
first two years of field sampling. Oregon views this effort as an initial development and testing phase of
ecological indicators and monitoring designs for an ongoing coastal program. Oregon’s coastal
environmental issues include introductions of nonindigenous species, destruction and alteration of habitat,
eutrophication and harmful algal blooms, dredging and other sedimentation-related issues, direct and
indirect impacts from fin- and shellfish harvest, toxic contamination, hydrologic modifications, and
bacteria and viral contamination. The Oregon Coastal EMAP efforts are being conducted within the
context of the Oregon Plan for Salmon and Watersheds, Oregon’s response to the threat of Endangered
Species Act salmon species listings. Successful implementation of the Oregon Coastal EMAP has
required a cooperative partnership with state and federal natural resource agencies. As a participant in the
EMAP pilot, Oregon has gained capabilities for estuarine and riverine sampling, expanded the

laboratory’ s analytical capabilities, developed cooperative relationships with other state environmental
agencies, received crucia training in handling formalin from Washington staff, and participated in a
technology transfer workshop sponsored by EPA. Challenges have included: clear communication of data
quality expectations and program obligations from EPA; data tracking, transfer, and management; and
obtaining state and federal collection permitsin light of current ESA listings.

Key words: ecological indicators, monitoring design, data management
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ASSESSMENT OF INTERLABORATORY VARIABILITY OF AMPHIPOD SEDIMENT
TOXICITY TESTSIN A COOPERATIVE REGIONAL MONITORING PROGRAM

Steven M. Bay?, Andrew Jirik? and Stan Asato®

! Southern California Coastal Water Research Project, 7171 Fenwick Ln., Westminster, CA 92683
2 Port of Los Angeles, Environmental Management Dept., 425 S. Palos Verdes St., San Pedro, CA 90731
3 City of Los Angeles, Environmental Monitoring Div., 12000 Vistadel Mar, Playadel Rey, CA 90293

Marine sediment toxicity tests are widely applied in monitoring programs, yet relatively little is known
about the comparability of data from different laboratories. The need for comparability information is
increased in cooperative monitoring programs, where multiple laboratories (often with variable skill
levels) perform toxicity tests. An interlaboratory comparison exercise was conducted among seven
laboratories in order to document the comparability of sediment toxicity measurements during the

Bight' 98 regional sediment survey in southern California. Sediments from four stations in Los Angeles
and Long Beach Harbors were tested using a 10-d survival test of the amphipod Eohaustorius estuarius.
All laboratories successfully performed the sediment test and associated reference toxicant test.
Statistically significant differences were found in mean amphipod survival rates among some laboratories
for the field-collected sediments, but no consistent significant bias was observed. Testing by multiple
laboratories did not appear to reduce the precision of the reference toxicant results. The laboratories
demonstrated excellent concordance (Kendall’s W = 0.91) in ranking the field-collected sediments by
toxicity. Agreement on classifying the sediments into categories (nontoxic, moderately toxic, and highly
toxic) based upon the percent of survival was best for highly toxic sediments. An analysis of test
precision based upon the variance among replicates within a test indicated that the measured survival rate
for a sample may vary by up to 12 percentage points from the actual response.

Keywords. sediment toxicity, southern California, variability, amphipod, regional monitoring
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MAKING PERFORMANCE-BASED CHEMISTRY WORK: HOW WE CREATED
COMPARABLE DATA AMONG 10 LABORATORIES AS PART OF A SOUTHERN
CALIFORNIA REGIONAL ASSESSMENT

Richard Gossett!, Rodger Baird?, and Kimberly Christensen®

! CRG Marine Laboratories, Inc., 2020 Del Amo Blvd, Suite 200, Torrance, CA 90503
2 County Sanitation Districts of Los Angeles County, 1965 Workman Mill Road, Whittier, CA 90601
3 Orange County Sanitation Distict, 10844 Ellis Avenue, Fountain Valley, CA 92708

In 1998 we surveyed the coast of Southern California collecting more than 300 samples of benthic
sediments and fish tissues. Prior to sample collection and analysis, 10 public and private laboratories
including the University of Baja California participated in discussions and inter-laboratory comparisons to
develop and attain performance goals that each laboratory was required to meet before they were approved
to analyze samples. This paper will describe the process used to bring multiple laboratories, using
independent extraction and analysis methods, from results that were significantly different from each other
to data that met and exceeded our goals. The process included selecting target parameters, developing our
own reference material, and exchanging technical information between chemists in a cooperative effort to
improve the overall quality of al the laboratories.

Keywords: Intercalibration, DDT, PCB, PAH, Trace Metals, Performance-Based Chemistry, QA/QC,
Sediment Chemistry, Tissue Chemistry
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ASSESSING MARINE BENTHICINVERTEBRATE DATA QUALITY AND ENSURING
TAXONOMICUNIFORMITY DURING MULTI-LABORATORY PROJECTS: THE SOUTHERN
CALIFORNIA EXPERIENCE

David E. Montagne', Mary Bergen?, Donald B. Cadien, J. Ananda Ranasinghe®, Stephen B. Weisherg?®,
and Ronald G. Vearde!

! Los Angeles County Sanitation Districts, P.O. Box 4998, Whittier, CA 90607

2P.0. Box 729, Ojai, CA 93024

3 Southern California Coastal Water Research Project, 7171 Fenwick Lane, Westminster CA 92683
4 City of San Diego, 4918N. Harbor Drive, Suite 101, San Diego, CA 92106

Although the results of studies measuring anthropogenic impacts on marine benthic invertebrates depend
on the ability of taxonomists to consistently discriminate, identify, and count organisms in a repeatable
manner, there have been few attempts to assess the quality of benthic identification and enumeration
efforts. In Southern California Regional Monitoring Programs conducted in 1994 and 1998 the quality of
data was assessed by reanalyzing 10% of the samples at a different laboratory and comparing results. In
1994, approximately 80% of 92,570 organisms were identified to species with an overall error rate of
3.4% in numbers of taxa, 2.1% in organism counts, and 4.7% in identification accuracy. About 13% of

the re-analysis records contained identification or counting errors. The 1998 laboratory program showed a

small, but noticeable, improvement with 83% of 153,682 organisms identified to species. Similar
improvements in the error rates are expected once the reanalysis data are finalized. These measurements
of error are the first data available to develop control limits for identification and enumeration accuracy in
multi-laboratory efforts. In another quality control step designed to ensure uniform nomenclature,
participating taxonomists compared their data habitat-by- habitat and name-by-name. The southern
Cadlifornia program increased communication among participating taxonomists, thereby improving the
quality and consistency of the data. It aso helped identify advantageous process changes; in 1998,
consistency was improved by sending three groups of organisms previoudly identified at individual
laboratories to single experts for identification.
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Satellite and Aircraft Remote Sensing of Coastal Waters:
Potential Real-time Applications
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AIRCRAFT REMOTE SENSING OF OCEAN COLOR IN CHESAPEAKE BAY TO ESTIMATE
CHL-A AND PRIMARY PRODUCTIVITY

Lawrence W. Harding, Jr.

Horn Point Laboratory; University of Maryland Center for Environmental Science; Box 775; Cambridge,
Maryland 21613

and
University of Maryland; Sea Grant College; 0112 Skinner Hall; College Park, Maryland 20742

Chlorophyll (chl-a) and primary productivity are key properties of estuarine and coastal waters that may
serve as indices of ecosystem health. We have used aircraft remote sensing of ocean color for over a
decade (1989-2001) to recover data on chl-a (and temperature) in Chesapeake Bay. The impetus for this
work is to improve spatial and temporal resolution of phytoplankton biomass expressed as chl-a, in
collaboration with on-going shipboard monitoring programs that provide in-situ data for calibration and
validation. Several instruments have been used, including NASA’s Ocean Data Acquisition System
(ODAS —1989-95), and Satlantic’s SeaWiFS Aircraft Simulator (SAS 11, SASIII — 1995-2001). Data are
collected on over-flights of the Bay conducted at approximately weekly to twice-weekly intervals on the
main stem Bay, and monthly on two tributaries, the Choptank and Patuxent Rivers, that drain agricultura
and suburban watersheds, respectively. Recent extremes of freshwater flow from the major tributaries of
the Bay have generated extremes of chl-a that we have quantified using remotely sensed observations. We
present chl-a distributions for several years (1995-2000) to document the strong seasonal and inter-annual
variability of chl-athat is driven by meteorologica forcing and anthropogenic nutrient loading. These
data show relatively low chl-ain the main stem Bay and tributaries in years of reduced flow and nutrient
loading (1995, 1999), and high chl-ain years of high flow and nutrient loading (1996, 1997, 1998, 2000).
Depth integrated models of primary productivity (PP) developed for Chesapeake Bay have recently been
applied to remotely sensed chl-a observations to estimate the Bay-wide distribution of net and gross PP.
We show early results to demonstrate the improved resolution of PP that can be obtained using this
approach.
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THE POTENTIAL APPLICATION OF MODISIN COASTAL MONITORING

Janet W. Campbell, Joseph E. Salisbury, Timothy S. Moore, and Mark D. Dowell

Ocean Process Analysis Laboratory, Institute for the Study of Earth, Oceans, and Space, University of
New Hampshire, Durham, NH 03824-3525

The first Moderate Resolution Imaging Spectroradiometer (MODIS) instrument was launched in
December 2000 onboard the Terra satellite. A second MODIS will be carried into space on Aqua later
this year. In this presentation, | will begin by describing MODIS's capabilities for coastal ocean remote
sensing. MODI S has 36 spectral bands, and is designed to image clouds, land, and ocean features with
complete global coverage every two days. Of the MODIS bands, there are 9 bands in the visible and near
infrared region that have been specifically designated as ocean color bands. In addition, there are bands in
the thermal infrared region that can be used to determine sea surface temperature. Like the Sea-Viewing
Wide Field-of-view Sensor (SeaWiFS), al of these ocean bands have 1 km spatia resolution, and thus
their ability to resolve features close to shore is somewhat limited. However, there are 7 additional bands
with higher resolution (2 at 250 m, and 5 at 500 m). In this talk, | will present results by members of the
MODIS Science Team who have explored ways of using the higher resolution bands for coastal
applications. In addition, | will demonstrate how atime series of ocean color data can be used to define
the spatia extent of fluvial influence near the mouth of ariver. Finally, | will show how we select and
blend algorithms for coastal (“case 2") waters that are specifically designed to account for the special mix
of constituents found in a particular region.

Key words: ocean color, remote sensing, MODI'S, spatial resolution
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REMOTE SENSING FOR OPERATIONAL MONITORING OF COASTAL AND ESTUARINE
ENVIRONMENTS: LESSONSFROM NARRAGANSETT BAY, RHODE ISLAND

John F. Mustard

Department of Geological Sciences, Box 1846, Brown University, Providence, Rl 02912,
John_Mustard@brown.edu

The key strengths remotely sensed data are the wide area coverage, instantaneous measurement, and that
the data can be related to the physical and biological properties of the water. Satellite data are low cost but
the temporal and spatial resolution may not be sufficient for some applications. Aircraft observations can
be tailored to specific needs but the costs and data processing requirements are higher. Since these
measurements are limited to near-surface waters they are best incorporated as an element of an integrated
program. Examples of both monitoring and research applications derived from remote sensing
observations of Narragansett Bay will be presented.

Temperature is a fundamental property of marine systems and a measurement readily made remotely with
an estimated precision of 0.5 C or better. If temperature measurements have been acquired over a
sufficiently long period of time, space for time substitutions can be used to identify environmental
impacts on estuarine waters. High temporal and spatial resolution observations made from aircraft provide
unprecedented views of the effects of tidal motions and mixing on temperature distribution. Ultimately
such observations are best integrated with modeling to provide validation information or to be used in
assimilation. Hyperspectral observations provide great promise for quantifying the concentrations of
chlorophyll, suspended sediment, dissolved organic matter, and organic particulates. In addition such data
have great utility in shallow environments for identifying bottom properties and the location of

submerged aguatic vegetation. Examples of both will be presented.
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A PILOT PROJECT TO DETECT AND PREDICT HARMFUL ALGAL BLOOMSIN THE
NORTHERN GULF OF MEXICO

William S. Fisher®, Andrew Robertson? and Thomas C. Malone®

1 U.S. Environmental Protection Agency, Office of Research and Development, National Health and
Environmental Effects Research Laboratory, Gulf Ecology Division, Gulf Breeze, FL 32561

2 National Oceanic and Atmospheric Administration, National Ocean Service, National Centers for
Coastal Ocean Science, Center for Coastal Monitoring and Assessment, N/SCI 1, Silver Spring,
MD 20910

3 University of Maryland Center for Environmental Studies, Horn Point Laboratory, P. O. Box 775,
Cambridge, MD 21613

More timely access to data and information on the initiation, evolution and effects of harmful agal

blooms can reduce adverse impacts on valued natural resources and human health. To achieve this, a
workshop was held to develop a user-driven, end-to-end (measurements to applications) observing system
for the northern Gulf of Mexico. A key strategy is to utilize existing state, federal and academic programs
in a coordinated network (see http://www.csc.noaa.gov/cts/coos/), which will require an unprecedented
level of collaboration and partnership across agencies. Resource managers charged with protection of
public health and aquatic resources require immediate notice of harmful algae events and a forecast of
when , where and what adverse effects will likely occur. Further, managers require analyses and
interpretations, rather than raw data, to make effective decisions. Consequently, a functional observing
system must both collect and transform diverse measurements into usable forecasts. Data needed to
support development of forecasts will include such properties as sea surface temperature, winds, currents
and waves; precipitation and freshwater flows with related discharges of sediment and nutrients; salinity,
dissolved oxygen, and chlorophyll concentrations (in vivo fluorescence); and remotely-sensed spatial
images of sea surface chlorophyll concentrations. These data will be provided by a mix of discrete and
autonomous in situ sensing with near real-time data telemetry, and remote sensing from space (SeaWiFS),
aircraft (hyperspectral imagery) or land (high-frequency radar). Ultimately, calibration across these
platforms could provide a 4-dimensional visualization of harmful algae eventsin atime frame beneficial

to resource managers.

Keywords: Remote sensing, harmful algal blooms, observing systems, in situ sensing, environmental
monitoring
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TEMPORAL MONITORINGAND SPATIAL MAPPING OF SURFACE OPTICAL PROPERTIES
INESTUARIESASANAID TOINTERPRETATION OF REMOTE SENSINGDATA

Charles L. Gallegos and Patrick J. Nede
Smithsonian Environmental Research Center, P. O. Box 28, Edgewater, MD 21037

The optical properties of estuaries, which determine the light received by remote sensing platforms, are
governed by three factors that are broadly indicative of the health of the system: phytoplankton chlorophyll
(CHL), suspended particulate matter (SPM), and colored dissolved organic matter (CDOM). Because of
their proximity to land and influence of river flow, concentrations of CDOM and SPM may vary
independently of CHL, posing specia problems for interpretation of remotely sensed signals. In the Rhode
River CISNet project, we have developed a system for continuously monitoring spectral absorption and
scattering coefficients utilizing a commercially available absorption/transmittance meter. A mathematical
procedure for determining the concentrations of light absorbing materials has been developed, and shows
promise for interpreting the monitored data. The system was in place during a mgjor algal bloom in upper
Chesapeake Bay in the spring of 2000, and demonstrated that attenuation was dominated by chlorophyll in
the early stages of the bloom, and by detritus at the termination of the bloom. The measurement and
mathematical analysis procedures have recently been extended to mapping of surface optical properties, as
well as the concentrations of optical components. Such measurements should help refine maps of water
quality fields obtained by aircraft remote sensing, especialy at times when signals are saturating due to
high chlorophyll concentrations, or are below detection due to interfering concentrations of CDOM or
SPM.

Keywords: Estuaries, optical properties, remote sensing, Rhode River, Chesapeake Bay
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A PROTOTYPE SHELF-WIDE OBSERVING SYSTEM

Scott M. Glenn, Oscar M.E. Schofield, Robert Chant and J. Frederick Grassle
Institute of Marine and Coastal Sciences; Rutgers University; New Brunswick, NJ 08901

The Rutgers University Institute of Marine and Coastal Sciences (IMCS) currently operates the Long-
term Ecosystem Observatory (LEO) offshore Tuckerton, New Jersey. Satellite and shore-based remote
sensing systems and subsurface cabled observatories are capable of providing year-round data within an
approximately 30 km x 30 km research space. In an annual series of summer Coastal Predictive Skill
Experiments (CPSES), the LEO system is enhanced with numerous adaptive sampling platforms that
include ships, aircraft and autonomous underwater vehicles operating within the well-sampled
environment. Objectives of the July 2000 CPSE included biological adaptive sampling of kilometer scale
episodic features guided by ocean forecasts and real-time physical data. Over 190 scientists and
researchers from 30 academic, government and industrial partners participated. The website for accessing
the real-time datasets averaged over 50,000 hits per day, the majority coming from the general public.

Larger regional-scale coastal ocean observatories are being proposed or constructed on continental
shelves throughout the United States. The Institute of Marine and Coastal Sciences (IMCS) Coastal
Ocean Observation Lab (COOL) is constructing a regional observatory to characterize the physical
forcing of continental shelf primary productivity. Observatory components tested at LEO in 2000 will be
used to expand the New Jersey Shelf Observing System (NJSOS) to the approximately 300 km x 300 km
scale of the New Y ork Bight. Backbone components of the regional NJSOS system include new long-
range and bistatic CODAR HF-Radar systems, local access to the direct-broadcast data from the growing
international constellation of ocean color satellites, and long-duration autonomous underwater gliders
equipped with physical/bio-optical sensors. The three backbone components will be operated from a
regional control room specifically designed for collaborative research and teaching. Data will be shared
with other researchers and the genera public via the World Wide Web and the Java-based Rutgers Ocean
Data Access Network (RODAN). The lower operating expenses of the remote and autonomous systems
make NJSOS a viable prototype for a national network of linked regional observatories.

Key Words: Ocean Observatory, HF Radar, Ocean Color, Autonomous Vehicles



Coastal Indicators of Integrity and Sustainability (STAR
Estuarine and Great Lakes Programs)
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DEVELOPMENT OF ENVIRONMENTAL INDICATORS OF CONDITION, INTEGRITY, AND
SUSTAINABILITY IN THE COASTAL REGIONS OF THE US GREAT LAKESBASIN

Gerald J. Niemi*, Richard P. Axler’, JoAnn M. Hanowski', George E. Host', Robert W. Howe?, Lucinda
B. Johnsont, Carol A. Johnston?, John C. Kingston', Ronald R. Regal?, Carl Richards®, Deborah L.
Swackhamer*

! Center for Water and the Environment, Natural Resources Research Institute, 5013 Miller Trunk Hwy,
Duluth, MN 55811

2 Department of Mathematics and Statistics, University of Minnesota, 10 University Dr, Duluth, MN
55812

3 Minnesota Sea Grant College Program, 2305 E 5" St, Duluth, MN 55812

4 Department of Environmental and Occupational Health, University of Minnesota, 542 Delaware St SE,
Minneapolis, MN 55455

® Department of Natural and Applied Sciences, University of Wisconsin, Green Bay, WI 54311

We have initiated a cooperative project consisting of seven universities and US EPA ORD, primarily the
Mid-continent Ecology Division, to identify, evaluate, and recommend a portfolio of multi-scaled
environmental indicators relevant to the coastal regions of the US Great Lakes basin. Our major question
is “what environmental indicators will most efficiently, economically, and effectively measure the
condition, integrity, and long-term sustainability of the basin.” We will test the indicators with a
combination of existing data, a pilot study, and a more comprehensive field study in years 2 and 3 that are
linked with stressors of the basin. Year 4 will be dedicated to analysis and recommendation of a suite of
hierarchically structured indicators. Our research plan uses EPA’s ecological risk assessment paradigm to
1) illustrate the development of indicators, 2) test cause and effect between stressors and endpoints, and 3)
provide essential linkages with EPA initiatives and programs. Indicators are divided into pressure
(stressors) and state indicators (individual, population, community, and landscape-level endpoints or
responses to the stressors). Mgor stressors include land use change, climate change, point and non-point
discharges, exotic species, atmospheric deposition, and hydrological modifications. State indicators focus
on biotic populations and communities (amphibian, bird, diatoms, fish, macroinvertebrates, and aquatic
plants), land cover, and water quality (contaminants, nutrients). Field sampling will employ a random
stratified design using ecological provinces, watersheds, shoreline reaches, and ecosystem types as the
basis for stratification. The Great Lakes Sea Grant network will communicate and integrate the results of
the project with the Great Lakes community.

Keywords. Great Lakes, monitoring, indicators, risk assessment, stressor, ecological effects, animal,
plant, diatoms, toxics
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SYNOPSISOF THE WESTERN CENTER FOR ESTUARINE ECOSYSTEM INDICATOR
RESEARCH (CEEIR) PROGRAM AND OBJECTIVES

Susan L. Anderson?, Gary N. Cherr?, Richard M. Higashi?, Steven G. Morgan®, Roger Nisbet®, and Susan
L. Udtin?

! University of California Davis Bodega Marine Laboratory
2 University of Cdifornia Davis
3 University of California Santa Barbara

The first and overarching objectiveis to develop indicators of wetland ecosystem health that are both
simple aggregations of data as well as more complex expressions of overall ecosystem health. The
second objectiveis to develop indicators of integrity for specific plant, fish, and invertebrate populations
within wetlands. The third objectiveis to develop indicators of toxicant-induced stress and bioavailability
for wetland biota. Integration among proposals is achieved using: 1) integrative laboratory experiments
to determine bioavailability of toxicants in tandem with biomarker responses, 2) field sampling at
common sites ranging from northern California to Mexico, 3) model species including wetland plants,
gammarid amphipods, and a species of goby, 4) overlapping experimental and sampling designs that
permit tests of interdisciplinary hypotheses, 5) common data management and GIS capabilities, which
will be used to integrate ongoing monitoring studies with our own census data, and 6) modelling and
statistical studies that compare indicator ranking procedures to model projections. The extensive
integration among proposals enables cost-effective yet rigorous development of indicators on multiple

scales across a broad geographic region with characterization of both ecosystem health and stressors. The

five proposals include: The Ecosystem Indicators Component (EIC), the Biological Responses to
Contaminants Component (BRCC), the Biogeochemistry and Bioavailability Component (BBC), the
Remote Sensing Component (RSC) and the “Center Proposal”. We will address urgent problems such as:
wetland degradation and fish population declines in San Francisco Bay, ecological assessment of mercury
contamination in Tomales Bay, and metals and pesticide contamination of northern and southern
California watersheds.

Keywords. watersheds, estuary, ecological effects, bioavailability, ecosystem indicators, aquatic,
integrated assessment, EPA Region IX
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ATLANTIC COAST ENVIRONMENTAL INDICATORS CONSORTIUM (ACE INC)

Hans W. Pagrl*, Richard A. Luettich!, Lawrence W. Harding Jr.? , Edward D. Houde?, William C.
Boicourt?, Michael R. Roman?, James T.Morris®, Raymond Torres®, Charles S. Hopkinson*, Mark
Fonseca’, Judson Kenworthy® , and Donald Field®

! Instititute of Marine Sciences, Univ. of North Carolina-Chapel Hill, Morehead City, NC 28557
2 Univ. of Maryland, Center for Environmental Science, Cambridge, MD 21613

3 Dept. of Biology, Univ. of South Carolina, Columbia, SC 29208

4 Ecosystems Center, Marine Biological Laboratory, Woods Hole, MA 02453

> NOAA/NOS Beaufort Laboratory, Beaufort, NC 28516

We are developing integrative indicators of ecological condition, integrity, and sustainability across four
representative estuarine systems on the US Atlantic Coast. Included are two large estuarine complexes,
Chesapeake Bay (MD/VA) and Albemarle-Pamlico Sound, NC (EPA CISNet sites), and two small
estuaries, Parker River (Plum Island Ecosystems NSF-LTER), MA, and North Inlet, SC (EPA CISNet).
These sites span the major east coast biogeographic provinces, range in primary production resource base
(salt marsh, seagrass, planktonic), vary in water residence times (few days to 1 year), and contain pristine
and impacted regions, which will facilitate comparative assessments of ecosystem responses to
perturbations. We will 1) enhance existing data with remotely sensed, time-series information on key
variables; (2) synthesize detailed knowledge of these well-studied systems to develop candidate indicators;
(3) test these indicators to gauge ecosystem health and detect trends resulting from natural variability and
anthropogenic stresses. We will develop indicators of 1) microalgal and macrophyte functional groups
controlling primary production, 2) plankton and fish community structure and function, that relate to
trophic transfer and sustainability and 3) intertidal marsh response to sea level rise. These indicators form
the backbone of ecosystem, regional and national-level water quality, habitat assessment and living
resources monitoring and modeling efforts, and will serve to calibrate and ground truth remote sensing of
estuarine and coastal resources. Our aim is to produce accurate representations of ecosystem function and
health, to detect trends in health, and to use these indicators to predict effects of human actions vs. natural
variability across estuarine ecosystems regionally and nationally.
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DEVELOPMENT, TESTING, AND APPLICATION OF ECOLOGICAL AND
SOCIOECONOMIC INDICATORSFOR INTEGRATED ASSESSMENT OF AQUATIC
ECOSYSTEMSOF THE ATLANTIC SLOPE IN THE MID-ATLANTIC STATES

Robert P. Brooks?, Denice H. Wardrop', James S. Shortle!, Robert E. O’ Connor?, Egide Nizeyimanat,
Dennis F. Whigham?, Charles L.Gallegos?, Dondd E. Wdler?, Anson Hines?, Thomas E. Jordan?, Peter P.
Marra, Carl Hershner®, Kirk Havens®, Lyle M. VarndI®, Mark M. Brinson*, Rick D. Rheinhardt*, James
M. McElfist?, and Kent Thornton®

! Pennsylvania State University

2 Smithsonian Environmental Research Center
3 Virginia Institute of Marine Sciences

4 Easgt Caralina University

® Environmental Law Institute

® FTN Associates

Coasts, estuaries, rivers, streams, lakes, and wetlands must be viewed as one integrated system.
Understanding and documenting the linkages between upstream watersheds and downstream estuariesis
critical to the success of our approach, and to the protection, management, and restoration of receiving
rivers, estuaries, and bays. The study area is the mid-Atlantic Slope encompassing three magjor drainage
basins extending from the Appalachian Mountains to the Atlantic Ocean; Delaware, Susquehanna-
Chesapeake, and Ablemarle-Pamlico basins. Our team, the Atlantic Slope Consortium, will develop and
test a set of indicators to be used for integrated assessments of the condition, health and sustainability of
aguatic ecosystems. Indicators will based on ecological and socioeconomic information compiled at the
scale of estuarine segments and small watersheds. The three working groups (estuary, watershed,
socioeconomic) will examine indicators such as. optical properties of estuarine waters, habitat suitability
models, submersed aquatic vegetation, finfish and shellfish closures, condition of tidal and non-tidal
wetlands, bird communities, nutrient and sediment discharges, income from resource-based activities,
health status, education level, membership in watershed associations, and expenditures on environmental
protection, water supplies, and wastewater treatment. Managers will be intimately involved in our process
of indicator selection and development through cooperator workshops. A suite of tested ecological and

socioeconomic indicators that clearly relate stressors, sources, and solutions between upstream watersheds

and downstream estuaries will be delivered. This study will address the administrative, organizational,
and perceptual obstacles and limitations to adopting and implementing the recommended indicatorsin a
monitoring system for coastal ecosystems. We will make publicly available extensive spatial data sets and
graphical displays of ecological and socioeconomic information for this region.

Keywords. ecological indicators, integrated assessment, aquatic ecosystem, wetland, stream, estuary,
coastal, biological integrity, landscape ecology, socioeconomic, Mid-Atlantic, EMAP
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THE REGIONAL MONITORING PROGRAM FOR TRACE SUBSTANCES—-EFFECTIVE
APPLICATION OF SCIENTIFICINFORMATIONINMULTI-AGENCY DECISION-MAKING

Rainer Hoenicke!, Jay Davis', Thomas E. Mumley?, and Andrew Gunther®

! San Francisco Estuary Institute, 1325 S. 46" Street, Richmond, CA 94804

2 San Francisco Bay Regional Water Qudlity Control Board, 1515 Clay Street, Suite 1400, Oakland, CA,
94612

3 Applied Marine Sciences, 4235 Piedmont Avenue, Oakland, CA 94611

The San Francisco Estuary Regional Monitoring for Trace Substances is an innovative partnership
between a state agency, 74 waste discharge permit holders, and an independent scientific institute. The
approximately $3M annual funding pool has produced scientific results that have made the regulatory
system increasingly responsive to emerging management needs, particularly with regard to the
development of total maximum daily loads and ecosystem impairment assessment. Through multi-agency
partnerships within and outside the RMP institutional structure, major information gaps for several
pollutants of concern have been narrowed, resulting in a successful consensus-based regulatory approach
to managing copper and nickel mass inputs into the Estuary. Additionally, monitoring data, accompanied
by short-term research efforts by collaborating agencies and academic institutions helped in prioritizing
the most cost-effective control and remediation options for various bioaccumulative substances and raised
the visibility of one of the most controversial pollution issues in the Estuary — pesticide runoff from
agricultural and urban areas. One of the most important contributions of this collaborative monitoring
program is the deliberate and systematic adjustment of management and research questions that serve to
influence and add relevance to the overall research agenda related to San Francisco Estuary ecosystem
assessment.

Key Words. Monitoring, TMDL, Impairment Assessment, Adjustment of Management and Research
Questions
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INITIAL RESULTSFROM DEPLOYMENT OF A COASTAL MONITORING BUQOY --HOW
COLLABORATIONSTHROUGH CISNET ARE LEADING TO IMPROVED MONITORING
AND RESEARCH IN PUGET SOUND

Jan A. Newton and Rick A. Reynolds

Environmental Assessment Program, Washington State Department of Ecology, Box 47710, Olympia,
WA, 98504-7710

Waterbodies within Puget Sound are diverse, ranging from deep fjord-like basins to constricted shallow
bays. In addition, water quality indicators are extremely dynamic, responding to the strong tidal and
seasonal forcing of the region. Such attributes make monitoring a particular challenge. Rapid growth
projections for the Puget Sound area dictate a need for better understanding of ecosystem susceptibility to
human impacts. Washington State’ s long-term monitoring program has identified several sites potentially
sensitive to eutrophication, based on indicators such as persistent stratification, low oxygen, and nutrient
concentrations. However, carbon, oxygen and nutrient dynamics of this region, and in particular
phytoplankton growth and abundance, are still poorly understood.

A partnership between state (Washington State Department of Ecology) and academic (University of
Washington) scientists is being supported by EPA/NOAA/NASA funding as part of the Coastal Intensive
Site Network program to establish an intensively monitored site in southern Puget Sound. The goal of the
project is to address questions relating to temporal and spatial scales of variability in ecosystem
indicators, using a combination of a profiling mooring and remate sensing. One objective is to use high
temporal resolution measurements from the mooring to enhance our understanding of ecosystem
variability and status that is necessary to document long-term change. The profiling mooring can resolve
hydrography, oxygen, nutrient, optical, and biological variables over the 50-m water column multiple
times each day. A second objective is to conduct bio-optical measurements for the development of
remote-sensing indicators for extrapolation of mooring results to larger spatial scales. This collaborative
strategy has increased the efficacy of the monitoring program and focuses new analytical technologies on
aregional concern.

Keywords: Partnerships, eutrophication, monitoring, water quality
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GREAT LAKESMONITORING RESULTS-A HISTORY PERSPECTIVE AND COMPARISON
OF PROBABILITY BASED AND DETERMINISTIC SAMPLING GRIDS

Glenn J. Warren and Paul J. Horvatin

U.S. Environmental Protection Agency, Great Lakes National Program Office, 77 W. Jackson Blvd.,
Chicago, IL 60604

The Great Lakes may be viewed as a coastal environment. Predominantly counter-clockwise currents
move along the shores of the lakes, affected by the same meteorological and physical forces as the coastal
ocean. Average depth of the lakes ranges from 19 to 147 meters. The U.S. EPA, Great Lakes National
Program Office has monitored the open waters of the lakes, annually, since 1983. Trends in nutrient
concentrations and changes in biological communities have been tracked. Monitoring results show that
attempts to decrease nutrient loads to decel erate eutrophication have, on the whole, succeeded. Recent
exotic species invasions are drastically changing the ecosystem. Monitoring continues, but is changing to
be responsive to the needs of users of the information, while maintaining a long-term perspective. The
sampling network was designed using a deterministic approach based on extensive sampling. A
comparison, in Lake Michigan, of a statistically based (EMAP) grid and traditional station array, shows
the similarity of results from the two sampling strategies.
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BI-NATIONAL ASSESSMENT OF THE GREAT LAKES- A LOOK AT SOLEC

Paul Bertram?®, Nancy Stadler-Salt 2, Paul Horvatin®, and Harvey Shear®

1 U.S. Environmental Protection Agency, Great Lakes National Program Office, 77 W. Jackson Blvd.,
Chicago, IL 60604

2 Environment Canada - Ontario Region, Office of the Regional Science Advisor, 867 Lakeshore Rd.,
Burlington, Ontario L7R 4A6

3 Environment Canada - Ontario Region, Office of the Regional Science Advisor, 4905 Dufferin St.,
Downsview, Ontario M3H 5T4

Many administrative jurisdictions have authority over parts of the Great Lakes, sometimes with
competing purposes as well as governance at differing scales of time and space. The demand for high
quality information that is relevant to environmental managers, however, is forcing environmental and
natural resource agencies with limited budgets to be cooperative and selective in the collection, analysis
and reporting of data. The State of the Lakes Ecosystem Conferences (SOLEC) were begun in 1994 in
response to reporting requirements of the Great Lakes Water Quality Agreement between Canada and the
U.S. The biennial conferences are to provide independent, science-based reporting on the state of health
of the Great Lakes ecosystem components. A suite of indicators necessary and sufficient to assess Great
Lakes ecosystem status was introduced in 1998, and assessments based on a subset of the indicators were
presented in 2000. Because SOLEC is a multi-agency, multi-jurisdictional reporting venue, the SOLEC
indicators require acceptance by a broad spectrum of stakeholders in the Great Lakes basin. The SOLEC
process recognizes that individual programs and jurisdictions need to maintain unique indicators.
However, the SOLEC indicators list is expected to provide the basis for government agencies and other
organizations to more effectively collaborate and allocate resources to data collection, evaluation and
reporting on the state of the Great L akes ecosystem.

Keywords: Great Lakes, indicators, SOLEC
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MONITORING CONTAMINANT EXPOSURE AND FISH HEALTH IN PUGET SOUND, WA: A
SUCCESSFUL STATE/FEDERAL PARTNERSHIP

Coallier, Tracy K.* and O'Neill, Sandra M.?

1 NOAA/NMFS, Northwest Fisheries Science Center, Environmental

Conservation Division, Ecotoxicology and Environmental Fish Health Program, 2725 Montlake Blvd. E.,
Seattle, WA, 98112, tracy.k.collier@noaa.gov

2 Washington Department of Fish and Wildlife, Fish Program, 600 Capitol Way North, Olympia WA.
98501-1091, oneilsmo@dfw.wa.gov

Impaired health of bottom fish in Puget Sound was first noted in the mid-1970s by scientists from a federa
research facility in Seattle (Northwest Fisheries Sciences Center). English sole (Pleuronectes vetulus) in
urbanized waterways were found to have increased prevalences of several liver diseases, including cancer.
Subsequent studies by this laboratory into the 1980’ s established the causal link between polycyclic
aromatic hydrocarbons in sediments and these diseases. The findings from these efforts led to the
incorporation of liver disease in fish as a monitoring tool nationally under NOAA's National Status and
Trends Program (1984-1994) and locally under the Puget Sound Ambient Monitoring Program (1989-
ongoing). As the research interests of the federal lab began to turn to other endpoints, such as reproductive
and immune function, in the 1990s, the state agency (Washington Department of Fish and Wildlife)
continued to monitor toxicopathic fish disease as an indicator of the state of Puget Sound. Thus, alocal,
and at first mostly informal, partnership began between state and federal scientists. From modest
beginnings, and through close communication and continued collaboration in the collection and analyses

of samples, this effort has become a model for technology and information transfer between agencies,
which leads to continuation of monitoring programs despite changing agency priorities. Collectively, we
have broadened the geographic coverage of contaminant studies in Puget Sound, increased the number of
fish species monitored, and initiated pilot studies (e.g., endocrine disruption in marine fish). This federal-
state partnership could serve as amodel for development of broad-based regional approaches to
monitoring programs.
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CONSERVATION AND MANAGEMENT APPLICATIONS OF THE REEF VOLUNTEER FISH
MONITORING PROGRAM —THE SUCCESS OF PARTNERSHIPS

Christy V. Pattengill-Semmens %, Brice X. Semmens ?, and Laddie Akins*

! Reef Environmental Education Foundation, P.O. Box 246, Key Largo, FL 33037, 206-529-1240 (CPS
and LA)
2 University of Washington, Department of Zoology, Box 351800, Seattle, WA 98195-1800 (BXS)

The REEF Fish Survey Project is a volunteer fish monitoring program developed by the Reef
Environmental Education Foundation (REEF). REEF volunteers collect fish distribution and abundance
data using a standardized visual method during regular diving and snorkeling activities. Survey data are
recorded on preprinted data sheets that are returned to REEF and optically digitized. These data are
housed in a database that is publicly accessible on REEF's Website (http://www.reef.org). Since its
inception in 1993 the REEF program has generated over 30,000 surveys in the Project region, which
includes al coastal waters of North America. Through partnerships with federal and state agencies,
scientists, conservation organizations, and private institutions, the Fish Survey Project has been
incorporated into existing monitoring programs. The educational value and increased stewardship that
results from volunteer data collection has also been used by REEF s partners. In addition, management
and conservation applications for the REEF data have been identified. Current applications include an
evaluation of fish/habitat interactions in the Florida Keys National Marine Sanctuary, the development of
a multi-species trend analysis method to identify sites of management concern, assessment of the current
distribution and status of protected species, status reports on fish assemblages of marine parks, and the
evaluation of no-take zones in the Florida Keys. REEF’ s collaboration with a variety of partners,
combined with REEF s database management system and the Fish Survey Project’s standardized census
method, has resulted in a successful citizen science monitoring program.

Key Words. marine fish, volunteer monitoring, conservation
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Spatial Tools for Coastal Assessment and Mapping
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SPATIAL ANALYSIS OF GRAIN SIZE IN SANTA MONICA BAY

Molly K. Leecaster”
Southern California Coastal Water Research Project; 7171 Fenwick Lane; Westminster, CA 92683

* currently employed by Idaho National Engineering and Environmental Laboratory; 2525 N. Freemont
Ave,; Idaho Falls, ID 83415-3779

Maps are useful scientific tools for presenting environmental information, but the statistical techniques
necessary to prepare scientifically rigorous maps have primarily focused on terrestrial habitats. This
study compares three popular techniques (triangulation, kriging, and co-kriging) to map sediment grain
size in Santa Monica Bay, California. Two grain size data sets, one collected in 1994 (79 sites) and one
collected in 1997 and 1998 (149 sites) were used for model development. A bathymetric data set collected
in 1997 was used as amodel covariate. A third grain size data set (40 sites) collected in 1996 from
independent sites was used for model evaluation. Predictions were compared to validation data by
average difference, prediction mean square error (PM SE), and a goodness-of-prediction measure, G. The
average difference between prediction and truth was similar for al methods, but the PM SE for
triangulation was more than twice that for kriging or co-kriging, which were similar. The G measure also
shows triangulation to be a far worse predictor than kriging and co-kriging. Small-scale differences were
observed between kriging and co-kriging at steep depth contours, where co-kriging predicted values
commensurate with the expected depth-defined grain size.

Keywords: Spatial modeling, kriging, co-kriging, interpolation, marine sediment grain size
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GEOSTATISTICAL ISSUES FOR MODELING MERCURY CONTAMINATION IN THE
FLORIDA EVERGLADES

Stephen L. Rathbun
Department of Statistics, University of Georgia, Athens, GA 30602

Mercury contamination of soils poses a significant health hazard for humans and animals exploiting fish
in the marsh waters of the Florida Everglades. The concentration of mercury depends on the bulk density
of the soil. In addition, methyl and ethyl mercury concentrations are left censored at the minimum
detection level of instruments used to assay soil samples. A hierarchical model is considered for the
concentrations of methyl and ethyl mercury together with the bulk density of soils. Conditional on bulk
density, observed methyl and ethyl mercury concentrations are modeled as a partia realization of a
truncated log-Gaussian random field. Under this model, the true log methyl and ethyl mercury
concentrations are written as linear functions of bulk density plus a spatially correlated errors, and bulk
density is modeled as a linear function of the spatial coordinates plus another spatially correlated error.
Assuming that the error terms are independent, the log likelihood can be partitioned into separate terms
for estimating the parameters of the two components of the model. A multivariate version of the Robbins-
Monro agorithm tied to importance sampling is used to estimate model parameters. An importance
sampling algorithm is used to obtain cokriging predictors of mercury concentrations at unsampled sites.
The proposed methods are illustrated using data from the South Florida Ecosystem Assessment Project, a
Regional Environmental Monitoring and Assessment Program (REMAP) sponsored by the

Environmental Protection Agency.
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SPATIALLY REFERENCED REGRESSION MODELING OF NUTRIENT LOADING IN THE
CHESAPEAKE BAY WATERSHED

Stephen D. Preston and John W. Brakehill
U.S. Geological Survey, 8987 Yellow Brick Road, Baltimore, Maryland 21237

To support efforts to restore water quality in the Chesapeake Bay, the U.S. Geological Survey (USGS)
has developed a set of spatialy detailed regression models that relate nutrient sources and land-surface
characteristics to stream nutrient loads. The methodology used is referred to as SPAtially Referenced
Regressions On Watershed attributes (SPARROW). SPARROW is based on a spatialy detailed

hydrologic network that consists of a digital stream network and drainage boundaries that define the
watersheds for each stream reach. For the Chesapeake Bay watershed, the network includes 2,249 stream
segments with associated drainages that average approximately 28.5 square milesin area. To date, total
nitrogen and total phosphorus models have been developed on the basis of data for the years 1987 and
1992. The 1992 models include several enhancements that were designed to improve statistical power and
spatial detail. For both sets of models, significant relations between the spatial distribution of stream
nutrient loads and that of point sources, urban area, agricultural sources, and atmospheric deposition were
identified. Instream loss rates were significant in al of the models and tended to be greatest in the

smallest streams. Thus, the areas with the greatest yields delivered to the Bay include those that are close
to the Bay and have short travel times, as well as those that drain to large rivers and have small instream
loss rates. The SPARROW models are currently being used to identify areas of high loading, identify the
sources of those loads, and target areas for management activities.

Keywords: water quality, nutrients, stream loading, Chesapeake Bay, GIS, modeling

52



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

A HYDROLOGIC NETWORK TO SUPPORT SPATIALLY REFERENCED REGRESSION
MODELING IN THE CHESAPEAKE BAY WATERSHED

John W. Brakehill and Stephen D. Preston
U.S. Geological Survey, 8987 Yellow Brick Road, Baltimore, Maryland 21237

The U.S. Geological Survey (USGS) has developed a methodology for statistically relating nutrient
sources and land-surface characteristics to nutrient loads of streams. The methodology is referred to as
SPAtially Referenced Regressions On Watershed attributes (SPARROW), and relates measured stream
nutrient loads to nutrient sources in the watershed through the use of nonlinear statistical regression
models. A spatially detailed digital hydrologic network of attributed stream reaches and their associated
watersheds supports the models. This network serves as the primary framework for spatially referencing
nutrient sources and land-surface characteristics used in the models. For application in the Chesapeake
Bay watershed, a hydrologic network was derived from Digital Elevation Models (DEM) and an existing
1:500,000-scale digital stream network attributed with streamflow characteristics. New stream reaches
were defined through a flow accumulation algorithm and the DEM. Where that algorithm failed to
produce satisfactory stream reaches, sections of the 1:100,000-scale national hydrography data set were
inserted. Stream-reach attributes such as mean discharge and travel-time were transferred from the
existing 1:500,000-scale data on a reach-by-reach basis. To complete the network, watersheds were
generated for each reach using flow direction from the DEM. This hydrologic network improves upon
existing digital stream data by increasing the level of spatial detail and providing consistency between the
reach |locations and topographic features. The hydrologic network also aids in illustrating the spatial
patterns of predicted nutrient yields and sources contributed locally to each stream, and the percentages of
nutrient load that reach Chesapeake Bay.

Keywords: SPARROW, regression, Chesapeake Bay, nutrient, loads, modeling, reach, stream, RF1,
hydrography, watersheds
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SUBMERSED AQUATIC VEGETATION MAPPINGUSINGHYPERSPECTRAL IMAGERY

David J. Williams*, Tim M. O'Brien 2, Nancy B. Rybicki % Richard B. Gomez *

! Environmental Photographic Interpretation Center, Environmental Sciences Division, U.S.
Environmental Protection Agency, 12201 Sunrise Vdley Drive, 555 National Center, Reston, VA 20192
2 National Research Program, Water Resources Division, U.S. Geological Survey, 12201 Sunrise Valey
Drive, 430 National Center, Reston, VA 20192

3 Center for Earth Observing and Space Research, School of Computational Sciences, George Mason
University, Fairfax, VA 22030

Submersed aguatic vegetation (SAV) beds are important resources for aquatic life and wildfowl in the
Potomac River and Chesapeake Bay region. SAV habitat is threatened in part by nitrogen loadings from
human activities. Monitoring and assessing this resource using field based sampling and mapping using
aerial photography is time consuming and costly. The use of airborne hyperspectral remote sensing
imagery for automated mapping was investigated for near to real-time resource assessment and
monitoring. Field surveys for several pilot sites determined SAV species, density, and distribution as well
as water quality and optical parameters. Airborne hyperspectral imagery, together with in-situ spectra
reflectance measurements using a field spectrometer, were obtained for the pilot sitesin spring and early
fall. A spectral library database containing selected ground-based and airborne sensor spectra was
developed for use in image processing. The goal of the spectral database is to automate the image
processing of hyperspectral imagery for potential real-time material identification and mapping. Field
based spectra were compared to the airborne imagery using the database to identify and map severa
species of SAV, suspended sediment concentrations, chlorophyll, and wetland vegetation. The resulting
imagery derived vegetation maps were assessed for overall accuracy using aerial photography and field
based sampling. Ultimately, the species data could be used to study SAV population dynamics and
relationships between environmental variables and invasive and native species of SAV. The agorithms
and databases developed in this study will be useful with the current and forthcoming space-based
hyperspectral remote sensing systems.
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FLORIDA BLUEWAYS: USING SPATIAL TECHNIQUESTO INTEGRATE ECOLOGICAL,
HUMAN-USE AND MANAGEMENT INFORMATION TO ENABLE ECOSYSTEM SCALE
MANAGEMENT OF FLORIDA’SCOASTAL RESOURCES

lan J. Zelo, Chris Friel?

! Florida Coastal Management Program, 2555 Shumard Oak Blvd., Tallahassee, FL 32399
2 Florida Marine Research Ingtitute, 100 8" Ave SE, St. Petersburg, FL 33701

Coastal resource managers need to analyze and weigh information about resource users and management
actions in addition to ecological data in order to make informed decisions. Florida BlueWays is a new
program emerging from a strong partnership between the Florida Coastal Management Program and the
Florida Fish & Wildlife Commission’s Florida Marine Research Institute. It is designed to ensure that
managers can access complete information covering these three areas — ecologica conditions, human
uses, and management activities — in an integrated way so that management can be more effective,
comprehensive, and streamlined.

This partnership and the BlueWays development process have been in place for two years.

FCMP and FMRI are constructing a mapping-based information management tool. The core of BlueWays
is a Geographic Information System (GIS) built around three environmental characterizations:
- Ecological: describes physical and biological characteristics of the management region
Human Use: categorizes and maps resource uses

Management: depicts all the management actions taking place. Including effortsin al levels of
government and activities outside government like volunteerism and private research efforts

These will be incorporated into a suite of easy-to-use tools that will alow resource managers to examine
natural -science data for an area while simultaneously considering existing resource uses and management
efforts. BlueWays will allow managers to follow a path from identifying areas of particular ecological
importance, to investigating whether there are potentially damaging human uses in these aress, to
identifying regulations and enforcement actions currently in effect. There are myriad additional potential
applications as well.

The history, current status and future goals of BlueWays will be discussed.
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NEWPORT BAY, CALIFORIA NUTRIENT TMDL

Dean Mericas
LTI, Limno-Tech, Inc.

Newport Bay, in Orange County, was placed on the 303(d) list by the State of California dueto
impairment by nutrients, bacteria, sediment, and toxics. A Consent Order was signed mandating the
development of TMDL s for these parameters over a very aggressive time scale. This talk focuses on the
development of the nutrient TMDL. Numeric water quality standards do not exist for nutrients in the Bay,
and the primary symptom of the nutrient impairment was dense mats of macroalgae. TMDL devel opment,
especialy over the mandated time frame, faced many challenges:

- Development of a quantitative water quality objective for the endpoint of concern (macroalgae)
Development of awater quality model that could predict the relationship between nutrient loads
and resulting macroalgal density
Freshwater stratification that results in short residence nutrient times in the Bay during winter
storm events
Conflicting data regarding whether nitrogen or phosphorus was the limiting nutrient
Active stakeholder involvement in the TMDL development from parties with diametrically
opposed viewpoints

A TMDL was successfully developed and approved by EPA Region IX in the required time frame. This

talk will present how the TMDL was developed, how stakeholder involvement was incorporated in the
process and the ongoing efforts to refine and implement the TMDL.

Keywords: TMDL, TMDL development, Newport Bay, TMDL implementation, stakeholder involvement
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TRANSITIONINGFROM AVOLUNTEERNUTRIENT REDUCTION PROGRAM TO A
REGULATORY TMDL: EXPERIENCESFROM TAMPA BAY, FLORIDA

Holly S. Greening

Tampa Bay Estuary Program; 100 8" Ave. S.E.; St. Petersburg, FL 33701 USA; T: 727-0893-2765;
F: 727-893-2767; email: hgreening@tbep.org

Participants in the Tampa Bay Estuary Program have agreed to adopt nitrogen loading targets for Tampa
Bay based on the water quality and related light requirements of underwater seagrasses. Based on
empirical regression-based methods and mechanistic modeling results, it appears that light levels can be
maintained at necessary levels by “holding the ling’ a 1992-1994 nitrogen loadings. However, this goal
may be difficult to achieve given the 20% increase in the watershed’ s human population and associated
7% increase in nitrogen loading that are projected to occur over the next 20 years.

To address the long-term management of nitrogen sources, a Nitrogen Management Consortium of local
electric utilities, industries ,agricultural interests, local governments and regulatory agency representatives
voluntarily developed a Consortium Action Plan in 1997 to address the target load reduction needed to
“hold the ling” at 1992-1994 levels. As of 2000, implemented projects collated in the Consortium Action
Plan met and exceeded the agreed-upon nitrogen loading reduction goal.

In 1998, EPA Region 4 approved the technical basis and implementation strategy developed by the
Tampa Bay Nitrogen Management Consortium as the TMDL for nitrogen for Tampa Bay. An integral
element of this approach is the EMAP-based water quality monitoring program designed to provide
quantifiable status of bay water quality condition. The transition from a voluntary public/private nutrient
reduction strategy, in which the partners agree to collectively meet load reduction goals, to a regulatory
TMDL program includes technical, policy and philosophical elements currently being addressed by the
Tampa Bay partners and EPA.
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USEOF INTEGRATED MONITORINGDATATOASSISTINTMDL DEVELOPMENT FOR
URBAN STORMWATER

Steven M. Bay, Kenneth C. Schiff, and Dario Diehl
Southern California Coastal Water Research Project, 7171 Fenwick Ln., Westminster, CA. 92683

Stormwater runoff from urbanized watersheds in southern Californiais a major source of pollutants to
receiving water bodies and a prime target of many TMDLs. However, little work has been accomplished
to assess the magnitude of toxicity, identify toxicants of concern, and impacts of runoff dischargesin
receiving water bodies. Development of effective TMDL s is often hampered by a lack of adequate
information about the magnitude, cause, and extent of water quality impairments for the area. Moreover,
virtually no information exists as to runoff impacts on marine habitats, where most effects are expected to
occur in thisregion. This study was designed to determine the magnitude of toxicity in a stormwater
discharge to a marine species (purple sea urchin, Srongylocentrotus purpuratus), measure the spatial
extent of the toxic portion of the runoff plume in San Diego Bay, and identify the toxicants of concern.
Six storms were sampled between the 1998/99 and 1999/2000 water years. Every runoff sample was
toxic; the NOECs ranged from 3% to 12% runoff. Plume mapping surveysin San Diego Bay showed that
runoff formed thin lenses approximately one to three meters thick, but they extended across the entire
Bay. Approximately one-quarter to one third of the plume extent was estimated to be toxic. Trace
metals, primarily zinc, were identified as the toxic constituents responsible for effects in both the
discharge and plume samples from the receiving waters. Management actions following this study
include a total maximum daily load (TMDL) for trace metals in this watershed.

Keywords. Stormwater, toxicity, TIE, San Diego
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AN INTEGRATED COASTAL-WATERSHED MONITORING FRAMEWORK FOR
ASSESSMENT, DIAGNOSISOFBIOLOGICAL IMPAIRMENT, AND PRIORITIZATION OF
WATERSHED RESTORATIONS: GREAT LAKESPILOT PROJECTS

Naomi E. Detenbeck!, Sharon L. Batterman, Valerie J. Brady?, John C. Brazner, Mary F. Moffett,
Virginia M. Snarski, Debra L. Taylor, Jo A. Thompson

1 US EPA Mid-Continent Ecology Division, 6201 Congdon Blvd., Duluth, MN 55804
2 Former NRC Research Associate, 2260 E. Pioneer Rd., Duluth, MN 55804

An approach for watershed classification in support of assessments, diagnosis of biological impairment,
and prioritization of watershed restorations has been tested in coastal watersheds surrounding the western
arm of Lake Superior and is currently being assessed for a series of 22 coastal wetland watersheds
surrounding Lake Michigan. Lake Superior tributaries were stratified by hydrogeomorphic region (USFS
ecological units), then by two watershed characteristics related to hydrologic thresholds: watershed
storage (lake + wetland area/watershed area) and forest fragmentation. The ecoregion scale was not fine
enough to establish reference condition or driving factors influencing water quality or community
composition; however stratification by ecological unit, storage and fragmentation explained a significant
amount of variation in water quality and periphyton, macroinvertebrate, and fish communities. In addition
to watershed classes, diatom communities were influenced by habitat features (flow, complexity,
conductivity, shading, bank erosion), as well as macroinvertebrate abundance and community structure.
Macroinvertebrate communities in both ecological units responded primarily to substrate, hydrology, and
temperature differences among the diverse stream types. Fish communities clearly responded to
differences in thermal regime which were correlated with both forest fragmentation and watershed
storage. This approach is being extended to Lake Michigan coastal wetlands selected through a classic
EMAP design (stratified by ecoregion and size class) with assessment of alternate approaches to calculate
watershed indices of flashiness in areas of mixed land-use. Watershed flashiness will be related to
indicators of sediment and nutrient exposure, and to indices of biotic integrity for vegetation,
macroinvertebrate, and fish communities in coastal wetlands.
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A GREAT LAKESAPPROACH TO DEVELOPMENT OFTMDLS-THE LAKEMICHIGAN
MASSBALANCE STUDY

Paul J. Horvatin and Glenn J. Warren

U.S. Environmental Protection Agency, Great Lakes National Program Office, 77 W. Jackson Blvd.,
Chicago, IL 60604

The Great Lakes may be viewed as a bounded coastal environment. The lakes receive chemical input
from the atmosphere, as well as alarge number of tributaries that flow through multiple jurisdictions. A
mass balance approach of monitoring and modeling, leading to load reduction, was established in the
1970's to deal with eutrophication. The results of the effort can be considered a TMDL, particularly for
Lake Erie. Ecological and regulatory concerns in the Great Lakes have moved away from nutrient
enrichment problems, with bioaccumulative contaminants being the main focus. An extension of the mass
bal ance approach from nutrients, to other contaminants, has led to two studies, the Green Bay Mass
Balance Study and the Lake Michigan Mass Balance Study. Models developed for these studies, provide
the tools to determine the impact of load reduction on the concentrations of persistent bioaccumulative
contaminants in all media. The main emphasis is on top predator fish, which are under fish consumption
advisories for PCBs. We view the application of these models as an advance in developing TMDLSs for
the Great Lakes and potentialy for other large water bodies.
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ACCEPTING SOUTH CAROLINA’'S“0.1 RULE”"- A TMDL CASE STUDY OF LARGE
REDUCTIONSIN PERMITTED LOADING WITHOUT LITIGATION

Paul A. Conrads?, Nancy R. Sullins?, and William P. Martdllo®

! Hydrologist, U.S. Geological Survey, 720 Gracern Road, Columbia, SC, 29210
2 Water Resource Engineer, Tetra Tech., Inc., 10306 Eaton Place, Fairfax, VA, 22030
3 Vice President, Jordan, Jones, and Goulding, 6801 Governors Lake Pkwy, Norcross, GA, 30071

The Grand Strand is a rapidly growing retirement and resort area on the northeastern coast of South
Carolina. Under the State’ s water-quality standards, permitted water- reclamation facilities cannot have a
cumulative impact greater than 0.1 milligrams per liter of dissolved oxygen (“0.1 Rul€”) to the receiving
waters. To simulate the tidal and water-quality dynamics of the receiving streams, the Branched
Lagrangian Transport Model, developed by the U.S. Geological Survey, was calibrated and validated for
the tidally influenced portions of the Pee Dee River, Waccamaw River, Bull Creek, and the Atlantic
Intracoastal Waterway .

Application of the model to calculate the Total Maximum Daily Load (TMDL) consisted of selecting
appropriate initial and boundary conditions for streamflow, water-quality, and meteorological conditions
that are protective of aquatic resources without being overly restrictive to permitted dischargers. The
selection of appropriate conditions was critica in determining the assimilative capacity of the receiving
stream and, therefore, the TMDL. A working group was formed to provide technical input and review of
the model application. The group consisted of a water-quality modeler from the South Carolina
Department of Health and Environmental Control, a hydrologist from the U.S. Geological Survey
representing the model developers, and a water-resources engineer representing a consortium of water
utilities.

Through a collaborative process, members of the technical group proactively provided input to address
various technical aspects of the model to the TMDL application. Based on the results of the model,
environmental regulators and permits holders were able to reach a consensus on the technical soundness of
the TMDL which called for a 60-percent reduction in the permitted wastewater |oads to the Waccamaw
River and Atlantic Intracoastal Waterway.

Keywords. assimilative capacity, TMDL, water-quality model, boundary conditions, Pee Dee River,
Waccamaw River, Atlantic Intracoastal Waterway
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Microbial Genetic Indicators: Community Diversity,
Trophic Interactions and Designated Use Attainment
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MOLECULAR APPROACHESTO MICROBIOLOGICAL MONITORING

Katharine G. Fidd?, Anne E. Bernhard?, Caragwen Bracken?, and Timothy J. Brodeur*

! Department of Microbiology, Oregon State University, Corvallis, OR 97331
2 Department of Civil and Environmental Engineering, University of Washington, Seattle, WA 98195-
2700

Molecular methods are useful both to monitor natural communities of bacteria, and to track specific
bacterial markersin complex environments. Length-heterogeneity polymerase chain reaction (LH-PCR)

of 16S rDNAs discriminates among numerically dominant 16S rRNA genes based on length
polymorphisms of their PCR products. With this method, we compared microbial communitiesin
Tillamook Bay, OR, to evaluate spatial and temporal differences. Using multivariate statistics, we
correlated these differences to changes in environmental conditions. We have begun a study to test
whether LH-PCR profiles correlate with standard bacteriological measures (heterotrophic plate counts,
coliform measures), and with EMAP measures of ecological integrity. Using the same approach, we
developed an aternative indicator that distinguishes the source of fecal pollution in water. We amplify
16S rRNA gene fragments from the fecal anaerobic genus Bacteroides with specific primers. Because
Bacteroides normally resides in gut habitats, its presence in water indicates fecal pollution. Molecular
detection circumvents the complexities of growing anaerobic bacteria. We identified Bacteroides LH-
PCR and terminal restriction fragment length polymorphism (T-RFLP) ribosomal DNA markers unique to
either cow or human feces. The same unique fecal markers were recovered from polluted natural waters.
Marker sequences were used to design specific PCR primers that reliably distinguish human from
ruminant sources of fecal contamination; we are designing primers for more species. This approach is
more sensitive than fecal coliform assays, is comparable in complexity to standard food safety and public
health diagnostic tests, and lends itself to automation and high-throughput. Thus molecular genetic
markers hold promise for monitoring bacterial communities and water quality.

Key words: Microbiological monitoring, fecal contamination, source discrimination, LH-PCR, bacterial
communities, Bacteroides, molecular markers
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CHARACTERIZATION OF MICROBIAL COMMUNITIES FROM COASTAL WATERS

O.C. Stine, J. Powell, A. Carnahan, J.G. Morris
University of Maryland Baltimore, Department of Epidemiology and Preventative Medicine

For a number of years our group has used molecular methods, including DNA probes, to identify and
enumerate pathogenic Vibrio species in the Chesapeake Bay and other coastal waters; our data indicated
that V. vulnificus constituted approximately 8% of the total culturable heterotrophic bacteria in the Bay,
with clear seasonal fluctuations in bacterial number linked with water temperature. More recently, our
work has expanded to include characterization of total microbial communities from the Bay; development
of microarrays that identify and quantify the diversity of those communities; and observation of temporal
changes in those communities. To identify members of the microbial community, we amplified (using
universal primers) the 16s rDNA gene from community DNA isolated from a biofilm sample collected
from the Chesapeake Bay in February. The resultant 75 sequences were 95% or more similar to 7 species
including two recently described Shewanella species, baltica and frigidimarina, that to our knowledge
have not been previously isolated from the Chesapeake Bay. Based on our 16s findings, we are
developing microarrays to detect these and other microbial species that may be present in these estuarine
communities. The microarrays will detect each species using four distinct loci, with the multiple loci
serving as an internal control. The accuracy of identification and quantification by the microarray will be
measured using culturable bacteria such as Aeromonas species, E. coli, and Vibrio vulnificus as sentinels.
With these techniques it should be possible to determine the annual fluctuations of bacterial species (both
culturable and non-culturable, pathogenic and non-pathogenic) in the Bay, data which are potentially
applicable to understanding patterns of environmental change; assessing the “health” of the Bay; and
evaluating the risk of human illness associated with exposure to and ingestion of water and shellfish.
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MOLECULARMETHODSFOR ENVIRONMENTAL MONITORING:
NEW TOOLSFOROLD PROBLEMS

David W Oldacht, Holly A Bowers!, Torstein Tengs®, Robert Magnien?, David Goshorn?, JoAnn
Burkholder®, Howard Glasgow?, Parke Rubleg

! University of Maryland School of Medicine and Institute of Human Virology
2 Maryland Department of Natural Resources

3 Center for Applied Aquatic Ecology, North Carolina State University

* Department of Biology, University of North Carolina, Greenshoro

A worldwide increase in the frequency and distribution of harmful algal bloom (HAB) events has been
well documented. Many of these blooms are associated with adverse human health effects, including
gastrointestinal, respiratory, and cognitive problems. Due to the significance and persistence of these
blooms, intensive monitoring efforts have been initiated. These efforts are important for identifying loci
of species persistence and for understanding environmental change that may be conducive to blooms.
Development of techniques for identification of target species has quickly evolved to alow for more rapid
and specific detection of these organisms. Our laboratory coalition has developed highly sensitive and
specific real-time PCR assays for detection of toxicity-associated dinoflagellates (Pfiesteria piscicida,
Pfiesteria shumwayae, and Gyrodinium galatheanum) that can be used to explore the biology of these
organisms and the epidemiology of associated human health impacts. Similar assays can be designed for
detection of virtually any HAB or pathogenic microbial species in the estuarine environment. We present
an overview of the development and deployment of molecular monitoring methods in the context of
Pfiesteria in the Chesapeake Bay, a problem whose emergence was associated with an extraordinary
media, policy, and public response. Use of these methods has enhanced ongoing cohort studies designed
to determine the epidemiology of Pfiesteria-associated illness; basic laboratory research into the biology
of Pfiesteria toxicity; and ongoing efforts to better understand the ecology of this fascinating
microorganism.

Keywords. harmful agal blooms, HAB, dinoflagdlates, Pfiesteria, Gymnodinium, monitoring, estuarine,
rea-time PCR
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MICROBIAL COMMUNITY STRUCTURE/ FUNCTION RELATED TO WETLANDS AND
BIOGEOCHEMICAL PROCESSES

Andrew Ogram and Ramesh Reddy
Soil and Water Science Department, University of Florida, Gainesville, FL 32611-0290

The compositions and activities of microbial communities in wetlands likely depend in part on their
position along nutrient gradients formed from runoff from adjacent agricultural areas. An understanding
of the relationships between community composition, nutrient status, and biogeochemical cycling may
yield senditive indicators of nutrient impacts. Bacteria are likely to respond to environmenta change
much more rapidly than do more complex organisms such as plants, and characterization of shifts n the
composition of bacterial assemblages as a response to changes in nutrient concentrations may provide
very sensitive early warning indicators of ecosystem change. These indicators could be useful in
identifying ecologically sensitive concentrations of nutrients, and conversely, may be used to determine
appropriate restoration endpoints.

We are currently investigating the relationship between the structure and function of bacteria
assemblages involved in terminal carbon mineralization aong nutrient gradients in freshwater marshesin
Florida. This type of research will lead to a greater understanding of the response of these assemblages to
nutrient impacts, and may lead to identification of sensitive indicators of the degree of impact along these
gradients.

Keywords: Microbial indicators, biogeochemical cycling, microbial structure and function
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CORRELATINGCHANGESIN BACTERIOPLANKTON COMMUNITIESTO PRIMARY
PRODUCTION AND EUTROPHICATION USING DGGE ANALYSISOF 16SRDNA

Wesley R. Johnson, Alan J. Lewitus, and Madilyn Fletcher

Belle W. Baruch Ingtitute for Marine Biology and Coastal Research; University of South Caroling;
Columbia, SC 29208

Microorganisms have long been recognized as vital components of estuarine ecosystems, yet the majority
of these organisms remain uncultured and/or unidentified. Furthermore, in the environment microbes
exist as complex communities often consisting of hundreds of taxa, many of which are un